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Summary 
This project investigates why the so-called Hockey Stick curve by Mann et al. (1998, 1999) 
became the subject of significant controversy; whether a paradigm shift cf. Thomas Kuhn’s 
theory of scientific revolutions is occurring in climate change science, and if so, how the former 
controversy contributed to said shift.  
 To this end, the project provides an overview of contemporary climate change science, 
such as chronostratigraphy, palaeoclimatology (including the use of proxies to reconstruct the 
Earth’s past climate), natural climate variability, the latest IPCC assessment, and the findings of 
Mann et al. (1998, 1999) 
  The project accounts for the parts of Kuhn’s theory of scientific revolutions that are 
relevant in assessing the possibility of a paradigm shift, such as the term ‘normal science’. Terms 
such as ‘denialism’ and ‘peer review’ are also accounted for, as they play central roles in the 
controversy surrounding the Hockey Stick. 
  The research and analyses lead to the conclusion that several groups with conflicting 
interests were invested in the outcome of the debate regarding the findings of Mann et al. (1998, 
1999), and the debate encompassed topics of very different character. Some pertained to the 
science behind the findings, while other topics included the possibility of biased research, lack of 
objectivity and of academic merit.  
  Kuhn’s theory states there are no absolute terms by which a paradigm shift can be 
measured. It shifts slowly and without one tangible moment of complete transition. Since 
individuals who dissent from the majority view are still influential in the debate, the authors 
conclude that a paradigm shift has not yet occurred. The authors tentatively conclude that a shift 
is underway. Finally, they conclude that this shift can partially be attributed to the controversy 
caused by the Hockey Stick, which managed to draw additional scientific and political attention 
to the scientific field of climate change.  
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1. Introduction 
In this chapter the problem area and the motivation for this project will be introduced. The 
problem area will lead to a problem formulation, which covers the overall problem. A subchapter 
containing objectives for the project gives the reader an understanding of the project’s structure 
and goals. Finally, there is a subchapter with the project’s limitations. 
1.1. Problem area 
In recent years, it has become increasingly apparent that the global climate is changing at a faster 
rate than expected. Most academic textbooks, supported by the Intergovernmental Panel on 
Climate Change, indicate that the acceleration is driven by an increase in anthropogenic 
greenhouse gas emissions from the utilisation of fossil fuels since the beginning of industrial 
revolution in the 1750s. An example of how this is apparent is isotopes in air bubbles trapped in 
ice cores samples from Iceland show that in 250 million years, the CO2 concentrations in Earth’s 
atmosphere never exceeded 300 parts per million (ppm) before the industrial revolution, while in 
2007 they were 383 ppm (Holden, 2012, p. 79). However, other scientists and experts argue that 
the climate change is caused by natural phenomena and climate variations, such as orbital forcing 
and water vapour, rather than human activity and the associated greenhouse gas emissions 
(Mann, 2013, p. xvi). 
  This debate intensified in 1999 when climatologist and geophysicist Dr. Michael Mann 
and his colleagues published the so-called “Hockey Stick” curve showing temperature 
fluctuations in the Northern hemisphere from year 1000 to 2000, including a drastic increase in 
temperature in the Northern hemisphere from the beginning of the 1900’s to 2000 (Mann, 2013, 
p. 107). Those who do not attribute climate change to anthropogenic greenhouse gas emissions 
have been labelled "denialists" in certain parts of the scientific community, as they are viewed as 
a group that refuses to acknowledge what is otherwise considered normal science in academia, 
such as the IPCC. Since then, the climate debate has gained a new level of significance on the 
global agenda, and the current global climate is changing so drastically that some scientists and 
experts argue that Earth has entered an entirely new geological epoch, called the Anthropocene 
(Steffen et al., 2007, p. 614). The controversy surrounding climate science and the flaring debate 
around climate change suggest that a paradigm shift may be underway. This has led to the 
following problem formulation:  
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1.2. Problem formulation 
How come the Hockey Stick curve became the subject of substantial controversy, and can it be 
argued that there is a paradigm shift in climate change science to which this controversy has 
contributed?  
1.3. Objectives 
This subchapter is a structural guide for the reader and provides insight into how the problem 
formulation will be answered. The objectives of the project are to: 
· Create an overview of the climate change science: Introduction to natural climate variability, 
the concepts of climate change and palaeoclimatology, including considerations of a geological 
shift in the chronostratigraphical epoch from the Holocene to the Anthropocene. Introducing the 
findings of Michael Mann et al. (1998, 1999). 
· Account for relevant theories and concepts: Explain Kuhn’s theory of scientific revolution, 
and the concepts of denialism and peer review. 
· Outline highlights of the scientific debate (analysis 1): Introduce the main actors involved in 
the debate. Analyse the main arguments made by the different actors in the Hockey Stick 
controversy and the overall climate debate, including the debate on proxies, CO2, and accuracy 
of instrumental measurement data. 
· Assess whether a paradigm shift is occurring and the Hockey Stick’s role in it (analysis 2): 
Apply the aforementioned concepts and theories (Kuhn, Denialism etc.) to Hockey Stick 
controversy. 
· Put things into perspective: Provide a more forward-looking perspective on the climate 
change debate, as well as a look back to palaeoclimatology. 
1.4. Limitations  
This project only makes use secondary literary data. We contacted Dr. Michael Mann for an 
interview but we did not receive a reply. Given more time we could have exerted more effort in 
getting first hand material from either side of the climate debate. We have decided to exclude the 
debate on climate modelling, as the complexities surrounding these would have resulted in too 
many factors to fit into the existing discussion in our field of interest. Finally, we have not 
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accounted for solar anomalies such as sunspots and solar bursts, and their potential impact on the 
Earth’s climate.  
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2. Methods 
This chapter accounts for the structural considerations behind the arguments and conclusions 
within this project. Firstly, the type of data used in the project, how it has been obtained and the 
justification for choosing and using this data is described. Secondly, the project design, 
background knowledge on climate science, the use of theory and analytical structure are 
explained.  
2.1. Data and literature 
This project is a literature study, and thus solely makes use of literary empirical material. The 
analysis is grounded in arguments from various secondary sources, such as peer-reviewed and 
non-peer reviewed articles, books written by scientists, and a hearing before the Subcommittee 
on Oversight and Investigations of the Committee on Energy and Commerce in the U.S. House 
of Representatives. 
  With regards to selecting literature to assess whether there is a paradigm shift, it is not 
likely that analysing more literature is going to increase confidence in the conclusion. The 
literature has been selected on the basis of relevance to the subject at hand, along with how well 
the literature represents and highlights different aspects of the conflict, which is part of this 
project’s goal. By doing so, the project can draw upon different angles and interests to the same 
conflict, and utilise these variations in viewpoint to shed light on the complexities surrounding 
the problem area and the resulting problem formulation. The authors of this project acknowledge 
the limitations associated with lack of primary empirical material. Had the time-frame of this 
project been longer, the credibility of the arguments given throughout this project could have 
benefited from first-hand sources, such as interviews. These thoughts have been elaborated upon 
in the subchapter 1.4. "Limitations". 
2.2. Project design 
This project began with an interest in how the academic world and general public come to accept 
a given theory as ‘normal science’. The debate surrounding climate change, such as the need for 
mitigation against it, is increasingly appearing on the social and political agenda. We hear the 
debate in the media, in political activities, and experience it in the everyday life of the globalised 
world. As it appears that the climate is rapidly changing, there is a growing imperative to engage 
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in this debate, and to turn the debate into action. However, the debate has not always been 
apparent. 
  In the context of climate change, we wondered if the controversy surrounding Dr. Mann's 
Hockey Stick curve stood out as an example of a significant contributor to a scientific paradigm 
shift. Climate science became precipitously relevant in the political agenda, and the claims of a 
change of geological epochs, from the Holocene to the Anthropocene, stressed the anthropogenic 
influence on the changing climate. The controversy surrounding the Hockey Stick led us to the 
following problem formulation: "How come the Hockey Stick curve became the subject of 
substantial controversy, and can it be argued that there is a paradigm shift in climate change 
science to which this controversy has contributed?"  
  The analysis of this problem formulation is structured to draw from the arguments of both 
sides of the climate debate through a literature study, and is therefore based on secondary literary 
empirical material. The project includes a chapter with background information to understand the 
climate science debate to give the reader sufficient insight into the history of and methodological 
approaches to palaeoclimatology and climate change. 
  The theoretical fundament is based in Kuhn's theory of scientific revolutions and 
paradigm shifts, and the theory of denialism concerning the strategies and rhetoric used in 
conflicts of interests, specifically in relation to climate change. Kuhn's theory will be used to 
determine whether a paradigm shift is occurring in climate science in support of the Hockey 
Stick, and the theory of denialism will be used in order to illuminate the two sides of the climate 
debate. Both theories will be exemplified.  
  The final chapter is a perspectival discussion in which we will return to the discipline of 
palaeoclimatology, which is introduced in the following chapter. 
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3. Climate, the Hockey Stick, and the Anthropocene 
In this chapter the physical basis of climate science and natural variations in the climatic system 
will be introduced. The purpose of this chapter is furthermore to provide insight into the Hockey 
Stick curve that sparked controversy, and to present the methodology used for its development, 
since the criticism of the latter will be assessed in the analysis. Following, the latest IPCC 
assessment report is summarised. Lastly, a system for dating the Earth and categorising its 
geological history is presented. The intention with this order is to present climate research 
chronologically so that it may serve as a background and context in order to understand the 
debate regarding the transition into the Anthropocene.  
3.1. Climate and natural climate variations 
The terms ‘climate’ and ‘weather’ refer to different things. Weather is a short term conditions of 
the atmosphere. Climate is measured by the type of average weather by variables such as 
precipitation, temperature, wind, etc., as well as their intensity and frequency, over the duration 
of a given time period (Holden, 2012, p. 117). A standardised 30-year period has been 
acknowledged as a the international characterisation of a climate period by the World 
Meteorological Organization (Mitchell et al., 1966 & Jagannathan et al., 1967 in Bradley, 1999, 
pp. 11-12). 
  The overall climate on Earth can be categorised into smaller subsystems: the atmosphere, 
the biosphere, the cryosphere, the land surface, and the oceans. Thus, the climate undergoes 
variations over time due to natural fluctuations in, and interactions between, the variables in 
these smaller systems (Bradley, 1999, pp. 15-16). 
  In understanding the causes of natural climate variations, there are other important factors 
to consider, which go beyond the scope of the smaller subsystems. The Earth's positioning 
relative to the Sun, which is not constant, is very significant for climate variation. This theory 
was initially developed by geophysicist and astronomer Milutin Milanković (1879-1958), and 
has thus later been appropriately named the "Milankovitch theory of orbital forcing" (Holden, 
2012, p. 643). There are three basic components to the Milankovitch theory: 
1.      The Earth's orbital eccentricity: 
The Earth's orbit around the Sun changes between a more or less eccentric elliptical shape. The 
shape of the orbit changes back and forth over a period of 100,000 years and affects the intensity 
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of the seasons. Summers will be hotter and winters will colder if they occur when the Earth is, 
respectively, at its minimum or maximum relative to the Earth's position to the Sun. 
2.      The Earth's obliquity: 
The Earth's axis is tilted slightly, and this tilt varies from 21° to 24°. This oscillation occurs 
within a period of 41,000 years, and also directly affects the severity of the seasons. All seasons, 
in both hemispheres, will appear more extreme when the Earth's axial tilt is at its greatest.  
3.      The Earth's precession of the equinoxes: 
The Earth's so-called "wobble" is determined by the Sun and the Moon's gravitational pull on the 
Earth. This occurs in two periods of 19,000 and 23,000 years, and determines which seasons 
occur at which point in the Earth's orbit around the Sun, as well as the season's proximity to the 
Sun. Thus, the Earth's wobble directly affects the timing of the solstices and equinoxes (Holden, 
2012, pp. 643-644; Bradley, 1999, pp. 35-37). 
  The phenomena explained above, and the resulting variation in incoming solar radiation, 
play a large part in the Earth's climate system. As explored in this section these variations occur 
over the duration of several thousands of years, but are nevertheless important to have in mind 
when discussing the changing climate. 
  
The final natural variation to be explained is feedback loops. Feedback loops are also natural 
occurring phenomena, where an output can serve as input to the same system. There are two 
types of feedback loops: negative and positive. A negative feedback loop stabilises a system by 
neutralising the effects input and output have on each other. An example of a negative feedback 
loop is a thermostat, which turns itself on and off depending on the temperature of the room, 
keeping the same average temperature. A positive feedback loop has the opposite effect of a 
negative feedback loop. Instead of acting as a stabiliser, a positive feedback loop enhances the 
occurring effect. Thus, such feedback loops can alter a system considerably. Though rare in 
nature, “[…] they are common in systems altered by human impact” (Withgott & Brennan, 2009, 
p. 50). Examples of a positive feedback loop is erosion and reduced albedo-effect due to 
decreasing arctic ice cover (Withgott & Brennan, 2009 p. 50). 
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3.2. Palaeoclimatology 
Palaeoclimatology is the study of the past climate on Earth, prior to the use of instrumental data 
from weather stations, satellites etc., which is only available from the last 100 years 
approximately. This limited period of instrumental data makes it difficult “[…] to assess whether 
climate variability, events, and trends of the 20th and 21st centuries are representative of the 
long-term natural variability of past centuries and millennia.” (NOAA1, n.d.). The data used by 
palaeoclimatologists is collected from tree rings, ice cores, rocks, lake sediments, corals, the 
ocean floor etc. The objective is to reconstruct past climate conditions, but in order to do so, the 
proxies are needed. Proxy data “[…] are preserved physical characteristics of the environment 
that can stand in for direct measurements” (NOAA2, n.d.). Put differently, it is a measure that 
can be correlated with e.g. temperature or CO2 levels when data of this kind is not available. 
With these proxy data it is possible to “[…] extend the archive of weather and climate 
information hundreds to millions of years.” (NOAA3, n.d.). It is from these proxies that 
geologists have found that the climate of the Earth is dynamic and has varied a great deal from 
the current climate. Glacial and interglacial periods with its changing sea levels and mass 
extinction events from massive volcanic activity are only some of the variations that has 
occurred. To know the characteristics of the past climate of the Earth is important because it 
gives an idea of the long-term natural variability of the climate, especially in the context of the 
debate on anthropogenic climate change. 
3.3. Dating Earth's history and the Anthropocene 
The following section presents a system for dating the Earth and categorising its history in 
periods, and the reasons it might be apt to say that we are entering a new epoch marked by the 
activities of humankind.  
 
The International Geologic Time Scale is a chronological system that sets “global standards for 
the fundamental scale for expressing the history of the Earth” (Stratigraphy, 2013-2014) and is 
used by Earth scientists (experts in the field of Earth sciences) as a point of reference and to 
analyse events in Earth's history. This system, with its units and stages, is developed by the 
International Commission on Stratigraphy (Stratigraphy, 2013-2014), associated with the 
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International Union of Geological Sciences. The International Geologic Time Scale is organised 
in sub-divisions: eon, era, period, epoch, and age (Cohen et al., 2013; updated) 
 
 
Figure 1: The ICS International Chronostratigraphic Chart (Cohen et al., 2013; updated). 
  
The chart illustrates the so-called chronostratigraphic divisions. Stratigraphy is a sub-discipline 
to geology, specifically related to the study of rock layers (strata). Chronostratigraphy is thus a 
branch to the discipline of stratigraphy; the study of sediment strata in relation to time (Cronin, 
2009, p. 32).  Using sediment layers and linking them to a specific point in time is a well-used 
method by palaeoclimatologists. Accordingly, a global agreement of these defined temporal 
stages is important in order to establish a common point of departure and scale of measurement. 
It is the foundation for the categories in the chart above. 
  The chart illustrates that the Earth is currently in the Phanerozoic eon, the Cenozoic era, 
in the Quaternary period, and the Holocene epoch. The Holocene epoch refers to the time span of 
the most recent interglacial (Steffen et al., 2007, p. 614). Already during the early Holocene 
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epoch, humans had obtained the capability of domesticating dogs and horses, as well as using fire 
to clear forests in use of agriculture. During the mid-Holocene, atmospheric warming is 
suspected to have reversed the trend toward the glaciation of north-eastern Canada. One theory 
related to the reasons behind this atmospheric warming suggests that the developments of 
agriculture, as well as the domestication of dogs and horses, led to higher emissions of 
greenhouse gases. This theory suggests that the source of these emissions are found in the 
clearing of forests and irrigation (Steffen et al, 2007, pp. 614-615). Another argument suggests 
that this warming can be explained by natural climate variations, such as the dynamic of the 
carbon cycle and changes in solar forcing (Steffen et al, 2007, p. 615). 
  However, with the increasing evidence of climate change, such as that summarised by the 
latest IPCC report above, some scientists have argued that the epoch is now changing. Since the 
beginning of the industrialisation in the 18th century, traces of human activity, such as 
greenhouse gas emissions, have been stored in the Earth. If someone were to study the Earth's 
geographic history a million years from now, this industrialised period would stand out as a 
cause of significant change. An “Anthropozoic” era has been mentioned in an academic context 
as early as the mid 19th century and was the first scientific association where humanity is 
considered a primary driver on Earth (Steffen et al., 2007, p. 615). This term, the “Anthropozoic” 
era, has been further developed throughout the 20th and 21st centuries. Paul Crutzen, an 
atmospheric chemist, was the first person to use the term "Anthropocene" to denote a specific 
time in geological history, marked by the onset of industrial development in the 18th century 
(Cronin, 2009, p. 295). In his view, the beginning of the Anthropocene more or less corresponds 
temporally with "[...] the initial rise in atmospheric greenhouse gas concentrations recorded in 
ice cores, the invention of the steam engine in 1784, widespread ecosystem degradation, and a 
host of other environmental changes accompanying human population growth, industrialization, 
and urbanization." (Cronin, 2009, p. 295)  
  Steffen et al. (2007) describe the high amounts of fossil fuels used in the transformation 
of the Industrial Era as "stage 1 of the Anthropocene" (Steffen et al., 2007), which lasted 
throughout the 19th and early 20th centuries. Before the onset of the Industrial Revolution 
atmospheric CO2 concentrations were at 270-275 ppmv (parts per million by volume), and by 
1950, these concentrations had risen above 300 ppmv (Steffen et al., 2007). The burst in 
population growth and global economy following the end of World War II mark the so-called 
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"Great Acceleration" and "stage 2 of the Anthropocene". Steffen et al., (2007) explain that during 
the past 50 years "[...] humans have changed the world's ecosystems more rapidly and 
extensively than any other comparable period in human history" (Steffen et al., 2007, p. 617). 
  There are different opinions as to when the Holocene epoch transitioned into the 
Anthropocene. Some suggest that early human activities, such as hunting and the development of 
agriculture, had a direct impact on atmospheric processes, while others believe this can be traced 
back to natural variability. The beginning of the industrialisation, however, marks a temporal 
division where human activity began to have a distinct influence on the atmospheric and 
terrestrial chemical composition. 
3.4. The Hockey Stick 
The “Hockey Stick” is a graph that shows variations in Earth’s surface temperature over the past 
1,000 years (Mann, 2012, p. xix). It was developed by Dr. Michael E. Mann, Professor of 
Meteorology at Penn State University with joint appointments in the Department of Geoscience 
and the Earth and Environmental Systems Institute (EESI). He was the lead author of the 
“Observed Climate Variability and Change” chapter of the Intergovernmental Panel on Climate 
Change (IPCC) Third Assessment Report (TAR) from 2001, and has had two books and more 
than 180 peer-reviewed and edited works published (Penn State University, 2015).  
  The “Hockey Stick”, as seen below in an adapted version of the original 1999 version 
from the IPCC TAR (2001), shows how the surface temperature of the Earth has varied during 
the past 1000 years. The blue curve is reconstructed data of temperature from tree rings, corals, 
ice cores and historical records. The orange curve is instrumental data on temperature measured 
by thermometers. The grey, shaded area indicates the margin of error (IPCC TAR, 2001a, p. 
134). Thus, the grey area is larger around the data from approximately year 1000 to 1600, which 
reflects “[...] the simple fact that ice cores, corals, tree rings, and other proxies are useful but 
rather imperfect thermometers.” (Mann, 2012, p. xviii). The purple, linear line shows the trend 
from 1000 to 1900, which makes up the “shaft” of the “hockey stick” (IPCC TAR, 2001a, p. 134; 
Mann, 2012, p. xix). The overall graph finally curves, illustrating a drastic rise in temperature 
during the last 100 years, which coincides with vast changes in human activity such as 
industrialisation and an increased use of fossil fuels (Mann, 2012, p. xx). 
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Figure 2: The Hockey Stick curve (IPCC TAR, 2001b). 
  
It is important to distinguish between the two different Hockey Sticks. The first Hockey Stick 
showed climate change in the last 600 years and was published on Earth Day, April 22, 1998 in 
“Nature” magazine. This is known as the “MBH98”, named after the authors – Mann, Bradley, 
and Hughes – and the year it was published, 1998 (Mann, 2012, pp. 48-49). The second Hockey 
Stick is a further developed version of the original Hockey Stick, where the “shaft” or “handle” 
has been extended, which means it shows climate change during the last 1,000 years. This was 
published in Geophysical Research Letters in 1999 and is known as the “MBH99” (Mann, 2012, 
pp. 52-53). 
3.4.1. Methods of the Hockey Stick 
In this subchapter the methods used in the construction of the Hockey Stick curve, and the 
various types of data used, and how these data sets were fitted together is described. 
  
Most scientific understanding comes from an accumulation of various studies that together offers 
an increasingly coherent idea of how nature works. The Hockey Stick is no exception. During the 
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fifty years prior to the MBH98 being published, the work of researchers in palaeoclimatology 
consisted of increasingly extensive global networks of long-term climate proxy data, which were 
available for research in the early 1990s. Furthermore, several new methods for utilising the data 
to reconstruct past climates had been developed during this time. Thus by the mid 1990s it was 
possible to use various sets of proxy data to construct year-by-year chronologies of climate 
change from several locations on Earth, reaching back centuries and even millennia (Mann, 2012, 
pp. 38-39). 
   Dr. Mann’s postdoctoral research had been “[...] aimed at developing and applying a new 
statistical approach to the problem of proxy climate reconstruction.” (Mann, 2012, p. 42). In 
order to improve upon previous efforts in reconstructing past climate, Dr. Mann aimed to 
reconstruct surface temperature for individual years rather than individual decades. Furthermore, 
Dr. Mann wanted to reconstruct the underlying spatial patterns of temperature variation, rather 
than average trends of large regions, in order to gain knowledge on the workings of the climate 
system (Mann, 2012, p. 42). In 1996, after defending his Ph.D., Dr. Mann was funded to continue 
his palaeoclimatological work with his colleague Raymond S. Bradley at the University of 
Massachusetts, along with Bradley’s colleague from the University of Arizona, and Dr. Malcolm 
Hughes, a specialist in the use of tree ring data (Mann, 2012, p. 41).  
3.4.2. Dendroclimatology 
Dendrochronology is “[...] the science or technique of dating events, environmental change, and 
archaeological artefacts by using the characteristic patterns of annual growth rings in timber 
and tree trunks.” (Oxford Dictionaries, 2015a). In other words, dendroclimatology is a statistical 
method in which the study of tree ring data to used to deduce past climate change (Mann, 2012, 
p. 42).  
  During the past few decades before the MBH98 Hockey Stick was published, various 
scientists had developed several different approaches to reconstruct patterns of past temperatures, 
precipitation, surface pressure, and drought using tree ring data. Furthermore, methods for 
relating the patterns of tree ring data and the patterns of the climate were well established (Mann, 
2012, p. 42). Through what is known as “calibration” or “training”, scientists would establish 
“[…] a statistical relationship between the two datasets over their common years of overlap.” 
(Mann, 2012, p. 43). The overlap would typically be the twentieth century, and this would then 
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be projected back in time in order to reconstruct climate from a time when no instrumental 
climate records were available (Mann, 2012, p. 43). 
  In the making of the Hockey Stick, various types of data sets were used besides tree ring 
data, such as data from corals, lake sediments, ice cores, and historical climate records. However, 
the tree ring data, which represented only mid-latitude continents, was abundant compared to the 
other types of data, which represented the ocean, the tropics, and the poles, respectively. Thus, it 
would be inappropriate to simply combine all the proxy records, since this would weigh the result 
toward the mid-latitude continents, where the tree samples are from, instead of the entire globe, 
which was the goal (Mann, 2012, p. 43). 
3.4.3. Principal Component Analysis 
In order to overcome the problem of the abundantly represented mid-latitude data, a statistical 
procedure called the “Principal Component Analysis” (PCA) was used (Mann, 2012, p. 43). As 
explained by Dr. Mann himself, the “CA is a statistical method to represent a large dataset in 
terms of a smaller number of components that explain most of the variation in the data.” (Mann, 
2012, p. 262). Another explanation is found in Jolliffe (2002); 
 
“The central idea of principal component analysis (PCA) is to reduce the dimensionality 
of a data set consisting of a large number of interrelated variables, while retaining as 
much as possible of the variation present in the data set. This is achieved by 
transforming to a new set of variables, the principal components (PC’s), which are 
uncorrelated, and which are ordered so that the first few retain most of the variation 
present in all of the original variables.”  
(Jolliffe, 2002, p. 1). 
 
PCA is a method for analysing clusters of variables by reducing data sets to increase their 
manageability while still retaining the most original information possible. This is done so that 
“[...] researchers can take a large two-dimensional dataset and break it up into a small number 
of leading patterns found in the data [...]” (Mann, 2012, p. 131). This is accomplished by 
reducing, or summarising, a set of variables into a smaller set of variables called “components” 
or principal components (Field, 2013, pp. 666-667). The new variable, the principal component, 
can be explained as an axis in a coordinate system, which is revolved around the two axis’ point 
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of interception in the coordinate system until it reaches the highest possible amount of data 
variation. As such, the first few principal components (PCs) account for the most variability in 
the data set. Put differently, the first PCs include the variables that describe the variation the best, 
and thus have the highest explanatory power. However, it is important to note that simply 
because the primary principal component (PC#1) illustrates the largest, e.g. 55, per cent of the 
variation, one can not be sure to have acquired all of the significant variation in the data set 
(Mann, 2012, p. 131). As such, “[a]ny appropriate application of PCA must retain enough PC’s 
to describe all significant patterns in that data.” (Mann, 2012, p. 135) 
  
The correlation, called r, between the new variables is calculated by dividing the covariance with 
the multiplied standard deviation of the two variables, as seen in the formula below (Field, 2013, 
p. 267). 
  𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑  𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛  𝑜𝑓  𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  1  ×  𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑  𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛  𝑜𝑓  𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  2 = 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛  (𝑟) 
 
When the covariance is standardised as above, the value, called the “correlation coefficient”, will 
lie between -1 and +1. A correlation coefficient of +1 indicates a perfectly positive correlation 
between the two variables, which means if one of the variables increases, the other will increase 
with a proportionate amount. Contrariwise, a correlation coefficient of -1 indicates a perfectly 
negative correlation between two variables, which means if one of the variables increases, the 
other will decrease with a proportionate amount. A correlation coefficient of 0 indicates that 
there is no correlation, i.e. no linear relationship, between the two variables, which means that if 
one of the variable increases or decreases, the other one is not affected (Field, 2013, p. 267). 
3.5. Overview of the latest IPCC report 
The latest assessment report by the IPCC, named the Fifth Assessment Report or AR5, outlines 
the most important climate changes, categorised by which part of the ecosystem the changes 
mainly apply to. In this subchapter the most significant points of the AR5 are briefly summarises. 
 
To provide an overview of the extent of known climate change, the report states that warming of 
the climate is unequivocal, and that many observed changes since the mid 20th century “[...] are 
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unprecedented over decades to millennia. The atmosphere and ocean have warmed, the amounts 
of snow and ice have diminished, sea level has risen, and the concentrations of greenhouse gases 
have increased” (IPCC AR5, 2013a, p. 4). 
  The Earth’s surface has been getting progressively warmer since 1850, with changes 
from 0.65 to 1.06 °C, and “[...] almost the entire globe has experienced surface warming” (IPCC 
AR5, 2013a, p. 5). The weather is changing, with fewer cold days and nights, and “[t]here are 
likely more land regions where the number of heavy precipitation events has increased than 
where it has decreased” (IPCC AR5, 2013a, p. 5). 
  This warming also affects the oceans: “Ocean warming dominates the increase in energy 
stored in the climate system, accounting for more than 90% of the energy accumulated between 
1971 and 2010” (IPCC AR5, 2013a, p. 8). The upper levels of the ocean has had a 0.09 to 0.13 
°C temperature increase per decade over a 40-year period, meaning approximately 0.44 °C (IPCC 
AR5, 2013a, p. 8). 
  As one would expect, this warming has lead to accelerated rates of ice melting. The ice 
sheets in Greenland and the Antarctic have lost mass, glaciers are shrinking almost everywhere in 
the world, and the snow covers of the Arctic sea ice and the Northern Hemisphere cover less area 
than previously (IPCC AR5, 2013a, p. 9). 
  The melting ice contributes to rising sea levels. The proxy and instrumental sea level data 
suggest that rate of sea level rise is increasing: “The rate of sea level rise since the mid-19th 
century has been larger than the mean rate during the previous two millennia (high confidence). 
Over the period 1901 to 2010, global mean sea level rose by 0.19 [0.17 to 0.21] m.” (IPCC AR5, 
2013a, p. 11). 
  One of the drivers of climate change is emission of greenhouse gases. Gases such as “[...] 
carbon dioxide, methane, and nitrous oxide have increased to levels unprecedented in at least the 
last 800,000 years [...]” (IPCC AR5, 2013a, p. 11) and “[...] 30% of these gases are being 
absorbed by the ocean, which has lead to ocean acidification [...]” (IPCC AR5, 2013a, p. 11). 
The report unambiguously states that the amounts of the aforementioned gases have all increased 
in the atmosphere over the last 260 years because of human activity (IPCC AR5, 2013a, p. 11). 
What is more, the concentrations of these three gases “[...] now substantially exceed the highest 
concentrations recorded in ice cores during the past 800,000 years [...]” (IPCC AR5, 2013a, p. 
11), and the “[...] mean rates of increase in atmospheric concentrations over the past century are, 
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with very high confidence, unprecedented in the last 22,000 years [...]” (IPCC AR5, 2013a, p. 
11). 
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4. Theory 
In this chapter the theoretical concepts used in the analysis are presented. This includes Thomas 
Kuhn’s theory of scientific revolutions, the concept of ‘denialism’, and peer review. 
4.1. Kuhn: Normal science and paradigms 
Thomas S. Kuhn (1922 – 1996) was an American physicist, historian and philosopher. His 1962 
book “Structure of Scientific Revolutions” introduced the term ‘paradigm shift’, which he used to 
describe the shift in mind, perception and understanding to a new worldview in science 
(Heilbron, 1998, p. 507). Kuhn also introduced the term ‘normal science’, which is “[…] the 
activity in which most scientists inevitably spend almost all their time [...]” (Kuhn, 1970, p. 5) 
and “[...] is predicated on the assumption that the scientific community knows what the world is 
like [...]” (Kuhn, 1970, p. 5). Kuhn argued that the development of scientific knowledge is not 
accumulated through time in a linear and uninterrupted manner, since “[…] science has included 
bodies of belief quite incompatible with the ones we hold today [...]” (Kuhn, 1970, p. 2). Instead, 
the scientific field is occasionally presented with anomalies that contradict, or are not compatible 
with, the current scientific worldview, and the field is thus subjected to a pressure towards a 
revolution, or paradigm shift, which embraces new facts that were previously ignored or 
considered erroneous (Kuhn, 1970, pp. 5-6). 
  The term ‘normal science’ indicates the scientific norm of the time, or the research 
assumptions which a “[…] particular scientific community acknowledges for a time as supplying 
the foundation for its further practice [...]” (Kuhn, 1970, p. 10). Kuhn argued that the practice of 
normal science “[…] often suppresses fundamental novelties because they are necessarily 
subversive of its basic commitments [...]” (Kuhn, 1970, p. 5). When such novelties or anomalies, 
which “[…] subvert the existing tradition of scientific practice [...]” (Kuhn, 1970, p. 6), can no 
longer be answered through the normal science, a new foundation for the practice of that 
scientific field eventually emerges. These changes in practice, “[…] together with the 
controversies that almost always accompany them, are the defining characteristics of scientific 
revolutions [...]” (Kuhn, 1970, p. 6). A scientific revolution “[…] and the successive transition 
from one paradigm to another via revolution is the usual developmental pattern of mature 
science [...]” (Kuhn, 1970, p. 12). Kuhn described two characteristics of a paradigm: 1) The 
findings or achievements are “[…] sufficiently unprecedented to attract an enduring group of 
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adherents away from competing modes of scientific activity [...]” (Kuhn, 1970, p. 10), and 2) the 
findings or achievements are “[…] sufficiently open-ended to leave all sorts of problems for the 
redefined group of practitioners to resolve [...]” (Kuhn, 1970, p. 10). Kuhn argued that there can 
be periods without a homogenic normal science, and consequently without a stable paradigm, 
where “[…] all of the facts that could possibly pertain to the development of a given science are 
likely to seem equally relevant. As a result, early fact-gathering is a far more nearly random 
activity.” (Kuhn, 1970, p. 15). 
   Because of these premises Kuhn contended that historians of science should “[…] 
attempt to display the historical integrity of that science in its own time.” (Kuhn, 1970, p. 3). An 
example of this would be not to compare the findings of Nicolaus Copernicus1 to those of 
modern science, but instead to compare the findings with contemporary findings of his peers and 
teachers. Kuhn elaborated this point in the following remark: 
 
“Concerned to reconstruct past ideas, historians must approach the generation that 
held them as the anthropologist approaches an alien culture. They must, that is, be 
prepared at the start to find that natives speak a different language and map 
experience into different categories from those they themselves bring from home. And 
they must take as their object the discovery of those categories and the assimilation 
of the corresponding language.”  
(Kuhn, 1984, p. 246). 
  
But that is not to say paradigms are detrimental to science. They are necessary because without 
them science would be unguided, and research would often prove meaningless. Kuhn (1970) 
argues thus that “[n]o natural history can be interpreted in the absence of at least some implicit 
body of intertwined theoretical and methodological belief that permits selection, evaluation, and 
criticism.” (Kuhn, 1970, pp. 16-17). Indeed, without such structure, science would not know 
where to look and would not progress as fast. Kuhn argued that very few of the elaborate efforts 
to solve scientific problems “[...] would have been conceived and none would have been carried 
out without a paradigm theory to define the problem and to guarantee the existence of a stable 
                                     
1 Copernicus discovered that the Sun was the centre of the universe (now solar system) instead of the 
Earth. 
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solution.” (Kuhn, 1970, p. 28). A paradigm is useful to structure and accelerate scientific 
progress, because it serves as a description of the expected, which also implicitly defines the 
unexpected. The paradigm becomes the background against which research results are compared, 
and it must be progressively reformulated and expanded to explain and reframe the unexpected 
anomalies as expected laws of nature: 
 
“[...] research under a paradigm must be a particularly effective way of inducing 
paradigm change. That is what fundamental novelties of fact and theory do. Produced 
inadvertently by a game played under one set of rules, their assimilation requires the 
elaboration of another set [...]“ 
(Kuhn, 1970, p. 52). 
4.1.1. Indicators of a paradigm shift 
Kuhn argued that science considers no authority to be above itself, and therefore science has no 
clear indicators to reveal whether its current theory or worldview is “correct”. Scientists observe 
phenomena, but do not know which interpretation is most suitable when these phenomena do not 
fit in the contemporary normal science (Kuhn, 1970, p. 114). The language of a scientist whose 
perception has changed usually does not betray that the scientist once considered a different 
theory to be legitimate, and one should therefore not expect clear indications of a paradigm shift:  
 
“If [a scientific statement] ordinarily disguises a shift of scientific vision or some 
other mental transformation with the same effect, we may not expect direct testimony 
about that shift. Rather we must look for indirect and behavioural evidence that the 
scientist with a new paradigm sees differently from the way he had seen before.”  
(Kuhn, 1970, p. 115).  
 
Kuhn uses astronomy as one example of such indirect and behavioural change. Copernicus’ 
revelations induced a paradigm shift, and subsequently other astronomers looked at the sky 
differently (Kuhn, 1970, p. 116). 
  In one of the final chapters of his book, Kuhn argues that the authority of science - 
meaning “[...] principally textbooks of science together with both the popularizations and the 
philosophical works modeled on them [...]” (Kuhn, 1970, p. 136) - intentionally attempts to 
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disguise scientific revolutions. The function that these texts serve does not depend on a 
historically accurate or exhaustive account of how modern science reached its current form. In 
order to maintain its authority and credibility, contemporary paradigms benefit from fabricating 
the impression that it has always been the normal world view:  
 
“Partly by selection and partly by distortion, the scientists of earlier ages are implicitly 
represented as having worked upon the same set of fixed problems and in accordance 
with the same set of fixed canons that the most recent revolution in scientific theory and 
method has made seem scientific [...]” (Kuhn, 1970, p. 138), and they “[...] refer only to 
that part of the work of past scientists that can easily be viewed as contributions to the 
statement and solution of the texts’ paradigm problems.”  
(Kuhn, 1970, p. 138).  
 
Kuhn also notes that complete and universal acceptance of a theory is never reached, as there 
will always be some who deviate from the consensus, but a paradigm has truly shifted when the 
latter “[...] are simply read out of the profession, which thereafter ignores their work.” (Kuhn, 
1970, p. 19). 
  In summary, paradigm shifts rarely happen suddenly. New perspectives are not typically 
accepted immediately (if at all) by the majority, and if they are, direct indications of such shifts 
are not necessarily present in scientific literature. Rather, they can be found indirectly in 
subsequent scientific theorising and behaviour. 
4.2. Denialism 
This subchapter contains an explanation of the term ‘denialism’ and its five characteristics as 
used in academia, and the tactics used by ‘denialists’. 
 
The word "denial" carries the meaning that a statement, situation or proposition is rejected as 
untrue. As a concept, this is being used increasingly in academia with a more specific meaning. It 
denotes “[…] the employment of rhetorical tactics to give the appearance of argument or 
legitimate debate, when in actuality there is none.” (Diethelm & McKee, 2009, p. 2), and has the 
goal of rejecting an idea, statement or theory on which a scientific consensus exist. People who 
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do so are dubbed ‘denialists’ by those with whom they disagree. Denialism can entail some or all 
of the following five characteristics: 
1. The identification of conspiracies: The presumption that a large number of scientists 
who have studied the same phenomena cannot have reached their conclusions through 
independent study, but through bias and interconnected conspiracies. By the same line of 
thought, peer reviewing can be seen as tool to facilitate such conspiracies. 
2. The use of “experts”: The use of individuals who claim knowledge of a given topic, 
but whose views remain entirely inconsistent with what is accepted as normal science. Such 
“experts” are used in order to create doubt on and call into question a given scientific consensus. 
3. Selectivity: Whenever arguments are raised against a given scientific theory or 
 analysis, the denialists intentionally aim at their weaker aspects, such as isolated publications or 
sections with poor documentation, in an attempt to discredit the entire field. 
  4. The creation of impossible expectations of what research can deliver: The method of 
the science and associated technologies are called into question to meet impossible standards of 
proof. 
  5. Misrepresentation and logical fallacies: False analogies and misrepresentations of 
knowledge are created to cast doubt on, and facilitate counter-arguments against the science 
being denied (Diethelm & McKee, 2009, pp. 2-3). 
 
Denialism is a term often used by those who support the anthropogenic climate change agenda 
when referring to those who oppose it. Dunlap et al. (2011) refer to a so-called 'denial-machine': 
a complex and coordinated assembly of conservative think tanks, media and politicians, fossil 
fuel corporations, contrarian scientists, climate bloggers, and self-proclaimed experts on the topic 
of climate change. According to Hamilton (2010), climate denialism is rooted in American 
conservatism. He argues that the increasing focus on environmental issues caused concern within 
conservative circles due to their assumption that the environmental conservation would hinder 
economic growth, social progress and a modern Western civilisation (Hamilton, 2010, pp. 98-
101), as these rest on "[...] an industrial capitalism powered by fossil fuels." (Clark and York, 
2005 in Dunlap et al., 2011, p. 145). Due to the strong correlation between climate change and 
use of fossil fuels, Dunlap et al. (2011) explain that if anthropogenic climate change is accepted 
as a fact, this also "[...] poses a fundamental critique of the industrial capitalist economic 
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system." (Dunlap et al., 2011, p. 145). Consequently, Hamilton (2010) argues that there is a "[...] 
strong association between political ideology and beliefs about global warming [...]" (Hamilton, 
2010, p. 111), and that these tendencies are particularly apparent in the United States and 
Australia, where conservatism has a significant impact on the political agenda through think 
tanks and a larger assembly of conservative media and politicians. 
  Another tactic used by the so-called denialists is to ground their statements in arguments 
based on "[...] accurate information taken wildly out of context, wielded selectively, and 
supported by fake experts who often don't seem fake at all." (Specter, 2010, p. 7). The primary 
objective is still to cast doubt on climate science (Dunlap et al., 2011, pp. 144-145; Hamilton, 
2010, pp. 95-98; Diethelm & McKee, 2009, p. 3) and make counter-arguments appear stronger in 
the debate. This can be done by rejecting outputs from climate computer models due to their 
complexity and lack of transparency, but also due to their inability to incorporate all factors 
(Morrison, 2011, pp. 3-4). Thus the climate models’ "[...] scientific strength - the ability to show 
how different inputs can produce different results - is touted as a weakness by denialists." 
(Morrison, 2011, p. 3). 
  
According to Dr. Mann, the arguments of the climate change denialists have a certain 
hierarchical structure, which he calls the “six stages of climate change denial” (Mann, 2012, p. 
23). The six stages are: 
 
1. “CO2 is not actually increasing.” 
2. “Even if it is, the increase has no impact on the climate since there is no convincing 
evidence of warming.” 
3. “Even if there is warming, it is due to natural causes.” 
4. “Even if the warming cannot be explained by natural causes, the human impact is 
small, and the impact of continued green-house gas emissions will be minor.” 
5. “Even if the current and projected future human effects on Earth’s climate are not 
negligible, the changes are generally going to be good for us.” 
6. “Whether or not the changes are going to be good for us, humans are very adept at 
adapting to changes; besides, it’s too late to do anything about it, and/or a 
technological fix is bound to come along when we really need it.”  
(Mann, 2012, p. 23). 
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By using this structure, denialists “[…] need not present a logically consistent case. It suffices 
for them to attempt to simply pick holes in the scientific evidence, however inconsequential.” 
(Mann, 2012, p. 23). Their use of this tactic became clear when a memo from Frank Luntz, a 
leading consultant of the Republican party, was leaked in 2002. In the memo, Luntz expressed 
his concern about the current state of the scientific debate about climate change. He stated: “The 
scientific debate is closing [against us] but not yet closed. There is still a window of opportunity 
to challenge the science.” (Luntz, 2002, p. 138). Luntz urges members of the Republican party to 
“[…] continue to make the lack of scientific certainty a primary issue in the debate […]” (Luntz, 
2002, p. 137). This further supports the aforementioned claim that denialism is rooted in the 
American conservatism. 
  Thus, different scientists use the term denialism as a label for those who oppose strong 
claims in academia, such as climate change. It encompasses a large group of actors, and 
identifying the denialists can be difficult due to lack of transparency.   
4.3. Peer review 
In this subchapter, peer reviewing is briefly explains. It is a standard procedure in academia, 
which is not always adhered to. Peer reviewing poses a risk of bias against and restriction of 
scientific novelty. 
 
Oxford Dictionaries defines peer review as an “[e]valuation of scientific, academic, or 
professional work by others in the same field.” (Oxford Dictionaries, 2015b). It is a formal 
process used to fortify scientific rigor and quality in scientific reports before they are published 
in peer-reviewed journals. If reports fail meet the standards of the field of study within which 
they are written, they will not be approved and hence not published (Lloyd Sealy Library, 2015). 
As such, the process of peer review illustrates a form of self-regulation by affiliates of a 
profession within a specific field. In academia this self-regulation can be used to determine if the 
academic paper is acceptable for publishing. 
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5. Analysis 1 
“The [Hockey Stick] controversy is in science and that is because debate is normal 
in science and people re-examine each other's methods and so forth. This is not 
controversial.” 
                   Jay Gulledge (HCEC Hearings, 2006) 
5.1. Criticism of the Hockey Stick 
The findings of Mann et al. (1998, 1999) suggest that the climate of the last part of the 20th 
century was unusual compared to the last 1000 years. Mann et al (1999) also argue, with “[...] 
moderately high levels of confidence [...]” (Mann et al., 1999, p. 1), that the 1990s was the 
warmest decade in that time period, with 1998 being the warmest year (Mann et al., 1999, p. 1). 
As instrumental measurements of the air temperature from weather stations and sea surface 
temperatures records have only been available since approximately 1880, the remaining centuries 
were inferred from climate proxies. Proxies are a measure “[…] that is sufficiently correlated 
with temperature to enable the reconstruction of temperature records where instrumental data 
are not available” (van Kooten, 2013, p. 75). As mentioned in subchapter 3.4.1., these proxies 
were collected from tree rings, corals, sediments and ice cores. The Hockey Stick curve was a 
prominent part of the 2001 Third Assessment Report (TAR) by the IPCC. 
  All of these proxies, as well as other factors, have been under scrutiny from various 
factions, and this chapter will analyse some of the claims made against the science of the Hockey 
Stick curve, as well as some of the responses to the criticism. Some writings that are critical of 
the Hockey Stick have been selected, and these are presented in the following subchapters. This 
includes writings by Drs. Soon and Baliunas, McIntyre and Dr. McKitrick, Dr. van Kooten, and 
the results of the Committee on Energy and Commerce Report from July 2006 (also referred to as 
the “Wegman Report”). The selected responses to the criticism comes from Dr. Mann, the 
National Research Council Report from June 2006 (also known as the “North Report”), from the 
IPCC, and from the findings of Drs. Wahl and Ammann (2007). Mann et al. (1998, 1999) have 
already been presented. 
  After the critics have been introduced, the arguments and counterarguments will be split 
up in the following categories: Proxy data (tree rings, corals, ocean sediments, ice cores), the 
importance of CO2, and instrumental measurements, data handling, including the debate on the 
Page 30 of 68 
Medieval Warm Period and Little Ice Age. Lastly, although it is not a point of criticism, the role 
of water vapour will be examined. 
5.2. Introducing the actors  
In January 2003, the peer-reviewed article “Proxy climatic and environmental changes of the past 
1000 years”, written by Willie Soon and Sallie Baliunas, was published by “Climate Research”. 
In the article, the authors argued that climate records show no evidence that the 20th century had 
been unusually warm compared to the last millennium (Soon & Baliunas, 2003a, p. 89). In 
“Lessons & Limits of Climate History: Was the 20th Century Climate Unusual?”, a non-peer 
reviewed article from May 2003 by the same two authors, published by the George C. Marshall 
Institute, Drs. Soon and Baliunas presented a range of arguments against the validity of Mann et 
al.’s (1998, 1999) findings.  
  Dr. Wei-Hock ‘Willie’ Soon is an astrophysicist and is a part-time employee at the Solar, 
Stellar and Planetary Sciences Division under the Harvard-Smithsonian Center for Astrophysics 
(Smithsonian, 2015a; Soon & Baliunas, 2003b, p. 23). On February 26, 2015, the Smithsonian 
issued a statement, announcing that Dr. Willie Soon was now under investigation for “[failing] to 
disclose to journals the funding sources for his climate change research” (Smithsonian, 2015b). 
This happened after Greenpeace and the Climate Investigations Center exercised the Freedom of 
Information Act to obtain documents showing that Willie Soon had been funded by large fossil 
fuel companies to carry out research on climate change (New York Times, 2015). Furthermore, 
the Smithsonian state that they do not support Dr. Soon’s finding about climate change 
(Smithsonian, 2015b). Dr. Sallie Baliunas has a PhD in astrophysicist and former Board member 
and Senior Scientist at the George C. Marshall Institute (Soon & Baliunas, 2003b, p. 23). 
 
Steven McIntyre is a mining consultant, and was chairman of the Trelawney Mining and 
Exploration Inc. Dr. Ross McKitrick is a professor of economics at the University of Guelph, 
Canada (Guelph, n.d.). Dr. McKitrick is also a Senior Fellow at the Fraser Institute and 
specialises in environmental economics (Fraser, n.d.). In 2003 and twice in 2005, articles were 
published in which McIntyre and Dr. McKitrick were co-authors: 
2003: “Corrections to the Mann et al. (1998) Proxy data base and Northern hemisphere 
average temperature series” in “Energy and Environment”. 
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  2005a: “Hockey sticks, principal components, and spurious significance” in 
“Geophysical Research Letters”. 
  2005b: “The M&M critique of MBH98 Northern hemisphere climate index: Update and 
implications” in “Energy and Environment”. 
  
The three reports were summarised and commented on by Dr. G. Cornelis van Kooten’s 2013 
book “Climate Change, Climate Science and Economics”. Dr. Van Kooten is a professor of 
Economics at the University of Victoria, Canada, a Senior Fellow at the Fraser Institute, and is 
referred to as a global warming expert by the Heartland Institute (Heartland, 2008, p. 22). In his 
book, Dr. van Kooten presents arguments against the validity of certain proxy data used by Mann 
et al. (1998, 1999), instrumental weather data, as well as the general data handling by Mann et al. 
(1998, 1999). 
  
In July 2006, the United States Committee on Energy and Commerce published the “Ad Hoc 
Committee Report on the ‘Hockey Stick’ Global Climate Reconstruction”, commonly referred to 
as the “Wegman Report”. The Wegman Report was led by the statistician Dr. Edward Wegman 
at the request of representative Joe Barton from the Republican Party, who sat on the United 
States House Committee on Energy and Commerce. The goal of the report was to investigate the 
criticism made by McIntyre and Dr. McKitrick particularly concerning the temperature 
reconstructions by Mann et al. (1998, 1999). To write the Wegman Report, two hearings were 
held before the Subcommittee on Oversight and Investigations of the Committee on Energy and 
Commerce, House of Representative, on the 19th and 27th of July, 2006. Here several scientists 
gave testimony, including Gerald North, chairman of the National Research Council, Tom Karl, 
director of the National Climatic Data Center, Hans von Storch, director of institute for coastal 
research at the Helmholtz Research Centre in Geesthacht, Germany, Dr. Edward Wegman, 
Steven McIntyre, Ralph J. Cicerone, President of the National Academy of Sciences, Jay 
Gulledge of the Pew Center on Global Climate Change, as well as Dr. Mann himself. 
  In June 2006, one month before the publication of the Wegman Report, the National 
Research Council Committee produced the “Surface Temperature Reconstructions for the Last 
2,000 Years”, commonly referred to as the “North Report”. The committee was chaired by 
Gerald North, distinguished professor in Geosciences at Texas A&M University. The North 
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Report was produced at the request of representative Sherwood Boehlert from the Republican 
Party, who was chairman of the United States House of Representatives Committee on Science. 
The report, as its title suggests, evaluates the surface temperature reconstructions for the last two 
millennia (North Report, 2006, p. ix). In a letter to representative Barton, chairman Boehlert 
strongly questioned the validity behind the investigation of the findings of Mann et al. (1998, 
1999), finding it to be a “[...] misguided and illegitimate investigation you [Barton] have 
launched concerning Dr. Michael Mann, his co-authors and sponsors.” (Boehlert, 2005). 
According to Boehlert, by conducting a formal investigation instead of arranging briefing or 
requesting reviews by the National Academy of Sciences, Barton endorses politicians to open 
“[...] investigations against any scientist who reaches a conclusion that makes the political elite 
uncomfortable.” (Boehlert, 2005). 
 
The IPCC was established by the United Nations Environmental Programme (UNEP) and the 
World Meteorological Organization (WMO) in 1988 (IPCCa, n.d.), and currently their approval 
sessions are attended by more than 120 countries (IPCC, 2010a, p. 4). The objectives of the 
IPCC, as described in its “Principles Governing IPCC Work”, are:  
 
“[...] to assess on a comprehensive, objective, open and transparent basis the 
scientific, technical and socio-economic information relevant to understanding the 
scientific basis of risk of human-induced climate change, its potential impacts and 
options for adaptation and mitigation.”  
(IPCC, 2013, p. 1).  
 
The IPCC insists on a general neutrality in regards to policy, as well as relying primarily on peer 
reviewing by both experts and governments as an essential part of the process (IPCC, 2013, p. 1). 
The work of the IPCC is divided between three working groups, a task force and a task group. 
Working Group I focuses on the physical science, Working Group II focuses on the climate 
change impacts, adaptation and vulnerability, and Working Group III focuses on mitigation of 
climate change. The task force is responsible for national greenhouse gas inventories (IPCC, 
2010a, p. 3). The IPCC has published five assessment reports, generally in three volumes, one 
for each working group, as well as synthesis reports in which the results are summarised. The 
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five assessment reports are as follows: First Assessment Report (FAR) (1990), Second 
Assessment Report (SAR) (1995), Third Assessment Report (TAR) (2001), Fourth Assessment 
Report (AR4) and the latest Fifth Assessment Report (AR5) in 2014 (of which Working Group 1 
published its results in 2013 (IPCC AR5, n.d.). 
  The final actors to introduce are Dr. Eugene R. Wahl and Dr. Caspar M. Ammann. In 
2007 they co-authored the peer-reviewed article “Robustness of the Mann, Bradley, Hughes’ 
reconstruction of Northern Hemisphere surface temperatures: Examination of criticisms based on 
the nature and processing of proxy climate evidence”, published in the scientific paper “Climate 
Change”. Dr. Eugene R. Wahl has a PhD in Conservation Biology and Quaternary 
Palaeoecology, and in 2007 he was a Visiting Scientists at the National Center for Atmospheric 
Research (NCAR) and Assistant Professor of Environmental Studies at Alfred University, United 
States (NOAA4, n.d.). Dr. Caspar M. Ammann has a doctorate in geosciences from the 
University of Massachusetts, and works as a Project Scientist II working in the Climate Science 
and Applications Program at the National Center for Atmospheric Research in Boulder, 
Colorado (RAL, n.d.). 
5.3. Proxy data 
Dr. Mann and his colleagues utilised various proxy data sets in the reconstruction of past climate. 
Each proxy has a certain margin of error, which Mann et al. (1998, 1999) recognised and which 
is represented by the grey shaded area in the Hockey Stick curve, seen in chapter 3.4.. In the non-
peer-reviewed “Lessons & Limits of climate History: Was the 20th Century Climate Unusual” 
from 2003 by Drs. Soon and Baliunas, all the proxies utilised by Mann et al. (1998, 1999) in the 
constructions the Hockey Stick curve were examined. What follows now are the main types of 
proxy data used, and Drs. Soon and Baliunas’ descriptions of the uncertainties associated with 
these proxies. 
5.3.1. Tree rings 
Tree growth is influenced by several factors such as “[…] tree species and age, the availability of 
stored food in the tree and nutrients in the soil, the full range of climatic variables (sunshine, 
precipitation, temperature, wind speed, humidity); and their distribution throughout the year.” 
(Soon & Baliunas, 2003b, p .6). It is these factors that determine the density and the width of the 
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tree rings. Drs. Soon and Baliunas argued that of all the factors, “[…] precipitation probably is 
the most important, since low water availability will lead to low tree growth even in high 
temperature.” (Soon & Baliunas, 2003b, p. 6). Drs. Soon and Baliunas suggested that the 
approach most commonly used in proxy temperature studies is fallible, as most studies regard the 
width of tree ring as a gauge of temperature. According to Drs. Soon and Baliunas, research 
suggests that the density of the tree rings is a better indicator of temperature (Soon & Baliunas, 
2003b, p. 6).  
  In addition, Drs. Soon and Baliunas found that the typical approach for calibrating the 
tree ring is data faulty. When all the tree ring data has been collected, it is calibrated against 
climate variables such as precipitation and temperature. They argue that it is only possible to 
separate these two climate variables if measures of tree growth are available in more than one 
form, i.e. width and density, and while data on tree ring width and density from the last 500 years 
might be available, data on precipitation and temperature might only be available from the last 
100 years. In order to project the average annual precipitation and temperature for the 400 years 
where the data do not overlap, standard regression analysis techniques are applied, which they 
claim separates the effects of average, annual precipitation and temperature on tree growth (Soon 
& Baliunas, 2003b, pp. 6-7). However, according to Drs. Soon and Baliunas, this technique is not 
as simple as it sounds. Since young trees grow faster than old trees when given the same weather 
conditions, this effect must be removed statistically. To do so, a statistical approach is used to 
“[…] smooth the year-to-year variability due to the weather from the growth record when the 
trees were young, and even the true year-to-year variability of weather may be lost through the 
procedure.” (Soon & Baliunas, 2003b, p. 7). Furthermore, they argue that data from several trees, 
and numerous samples from each tree, must be used for the calculation, as this can affect the size 
of the year-to-year variability, making it decrease. Another factor that can complicate the 
interpretation of the tree ring data is the increasing concentration of CO2 in the atmosphere, as 
trees grow better when the concentration of CO2 increases. Since the data on weather only covers 
the last 100 years where the concentration of atmospheric CO2 has been increasing, “[…] a non-
linear error of unknown size has been introduced.” (Soon & Baliunas, 2003b, p. 7). Lastly, when 
data from several trees are combined, the statistical techniques to do so “[…] filter out the 
century-scale climate variability.” (Soon & Baliunas, 2003b, p. 7). 
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“The effect of all these problems is to make tree growth studies highly suspect as a 
continuous recorder of temperature histories over many centuries or as long as 
millennium.” 
(Soon & Baliunas, 2003b, p. 7) 
 
McIntyre and Dr. McKitrick have another point of critique of Mann et al.’s (1998) usage of tree 
ring proxies. MBH98 uses tree ring series from bristlecone pines, almost all collected by Donald 
Graybill and Sherwood Idso in 1993. According to McIntyre and Dr. McKitrick, these 
bristlecone tree rings “[...] exhibit an unexplained 20th century growth spurt [...]” (McIntyre & 
McKitrick, 2005b, p. 75). These bristlecone tree ring series, so they are argue, dominate the 
primary principal component (PC#1), which accounts for 38 per cent of the total variation and 
“[...] effectively omitting the influence of the other 56 proxies in the network.” (McIntyre & 
McKitrick, 2005b, p. 75). As such, McIntyre and Dr. McKitrick criticises the usage of the 
bristlecone tree rings, as they account for 93 per cent of the variation of PC#1, but are apparently 
not a valid proxy since the growth of the bristlecone was explained by local or regional 
temperature (van Kooten, 2013, p. 87). 
  In the hearing before the before the Subcommittee on Oversight and Investigations of the 
Committee on Energy and Commerce, House of Representative, Gerald North agreed that the 
North Report had found “[...] that there is a carbon dioxide fertilization effect in some trees, but 
not in all the places where the samples used in the Mann et al studies were taken.” (HCEC 
Hearings, 2006). The North Report (2006) states that “[...] “strip-bark” samples should be 
avoided for temperature reconstructions [...]”, but that the science of dendrochronology “[...] 
provides useful insights into past temperature variability.” (North Report, 2006, p. 52). To add to 
this statement, Gerald North stated in his testimony at the hearing “[...] that strip-bark samples 
from the mid-19th century to the present are very difficult to calibrate against instrumental 
records of temperature, and the easiest solution is therefore not to use them. “ (HCEC Hearings, 
2006). Also noteworthy is the fact that the reliability of this strip-bark bristlecone data is only 
considered compromised after the increase in atmospheric CO2 concentrations, where it becomes 
possible that the growth rate is “artificially” increased. 
  Contrary to the remarks of the North Report and Gerald North himself, Drs. Wahl and 
Ammann (2007) found that the bristlecone pine records do “[...] not introduce spurious 
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information and their inclusion is justifiable; or said more strongly, their elimination is not 
objectively justifiable [...]” (Wahl & Ammann, 2007, pp. 52-53). 
5.3.2. Corals 
Coral growth is affected by seawater temperature, and the warmer the seawater is, the more 
densely the coral grows. This is due to the fact that corals extract calcium carbonate (CaCO3) 
from the seawater, which they then use to grow. This calcium carbonate is enriched with the 
oxygen in the form of 18O, which is a stable isotope found in the atmosphere. As the temperature 
of the seawater rises, the amount of 18O decreases. This variation in 18O can be measured in the 
corals’ layers, and thus offer insight into past climate. However, Drs. Soon and Baliunas argue 
that the “[…] the relationship between the amount of 18O in corals and temperature is not simple 
because the amount of 18O in sea water is not constant.” (Soon & Baliunas, 2003b, p. 7). Again, 
as it was with the trees, precipitation, or lack thereof, is an important factor. Heavy rain and dry 
periods affect the concentration of 18O in the seawater. Rainwater contains less 18O than 
seawater, and thus lowers the concentration at the ocean surface where the corals grow. 
Conversely, dry periods cause increased evaporation of the seawater, which leaves the remaining 
seawater with a higher concentration of 18O (Soon & Baliunas, 2003b, p. 7). 
5.3.3. Ocean sediments 
As with the corals, the skeletons of invertebrate living in the ocean also absorb 18O from the 
seawater. When the creatures die, their remains fall to the ocean floor, which can be sampled and 
tested for concentrations of 18O. Contrary to the corals, these invertebrates live at a variety of 
depths. “Water temperature changes rapidly with depth in the first few hundred feet below the 
ocean surface […]” (Soon & Baliunas, 2003b, p. 8). Thus, it is highly important to know at 
which depth the creatures lived in order to use ocean sediments as a climate proxy. In addition, 
they argue that the species family of the invertebrate is of importance, as the species determines 
the efficiency with which the vertebrates concentrate 18O (Soon & Baliunas, 2003b, p. 8). 
5.3.4. Ice cores 
Snowfall at the poles, Greenland, Russia, northern Canada and mountaintops has accumulated 
through hundred thousands of years. Some of these areas, such as Antarctica and the middle of 
Greenland, are particularly cold and dry, which means that there is little yearly melt and 
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evaporation of the snow. As a result, the snow compresses and forms layers each year. The 
amount of precipitation fallen in a given location in the duration of a year is represented by the 
thickness of the layer. This can be measured based on H2O isotopic proxy analysis of the ice, 
which in turn can be an indication of the given temperature. In addition to 18O, oxygen exists as 
two other stable isotopes in the atmosphere: 16O and 17O. Hydrogen also exists in stable forms, 
respectively 1H (or just H), and 2H, called deuterium (D). Consequently, water takes three 
different forms: H216O, HDO, and H218O. Since the latter two are heavier than the first, these 
condense faster than H216O. As mentioned above, the atmosphere becomes depleted of D and 18O 
as more precipitation falls. This results in varying concentrations of D and 18O in the ice layers, 
which “[...] in areas of heavy snowfall can cause significant differences in proxy temperature 
estimates.” (Soon & Baliunas, 2003b, p. 8). 
 
According to Drs. Soon and Baliunas, it is challenging to gain proxy climate data from physical 
and biological sources, such as the aforementioned types. They argue that the results obtained 
from such data are “[...] subject to many complications and potential uncertainties.” (Soon & 
Baliunas, 2003b, p. 9). They state that: 
  
“Proxy results are best used to indicate climate tendencies or trends. A high proportion 
of proxy results indicating the same climatic trend is a strong indicator that that trend 
occurred, even if the magnitude of the change cannot be quantified.” 
(Soon & Baliunas, 2003b, p. 9) 
 
Drs. Soon and Baliunas also argue, however, that the data on past climate obtained from 
biological proxy records only relay information about the local climate of the area, from which 
the individual proxy was collected. They state that: “[…] it is well documented that such local 
climate trends are not uniform over areas as large as an hemisphere.” (Soon & Baliunas, 2003b, 
p. 1). Thus, they argue that the Hockey Stick curve is unrealistic (Soon & Baliunas, 2003b, p. 1). 
5.4. The importance of CO2  
Critics of the Hockey Stick claim that too much attention and importance is attributed to CO2-
levels and their effect on the climate. Wegman et al. (2006) underscore that the relationship 
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between atmospheric CO2-levels and temperature may have correlation without causation; that 
there are many confounding variables affecting the climate and it is unknown whether CO2 is 
particularly important (Wegman Report, 2006, p. 27). 
  Dr. van Kooten argues that there is no evidence to support the idea that higher levels of 
CO2 lead to higher temperatures. By making a linear regression between monthly temperatures 
against the atmospheric CO2-levels, he found that for 1958-2008, a 50-year period covering the 
decade which Mann et al. claimed to be the hottest, the slope coefficient is very weak (0.009) and 
the standard error is low (0.133) (Van Kooten, 2013, p. 148). Thus he concludes: “Plain and 
simple, there is no straightforward statistical evidence that suggests rising atmospheric CO2 
causes warmer global temperatures.” (Van Kooten, 2013, p. 148). In addition, he argues that 
even if CO2 was significant for climate change, humans’ contribution to CO2-levels is 
insignificant: “After all, carbon dioxide is a minor greenhouse gas and humans contribute only a 
very small amount of the total CO2 that enters the atmosphere each year, perhaps 3%.” (Van 
Kooten, 2013, p. 148). 
 
In the AR5 from 2013, the IPCC maintains that CO2 is a significant factor in climate change. By 
the combustion of fossil fuels, production of cement and change and use of landscapes etc., 
humans have released an estimated 555 ± 85 PgC2, of which less than half remains in the 
atmosphere, and the rest is absorbed by the oceans and surface ecosystems (AR5, 2013, pp. 486-
487). Prior to the onset of the industrial revolution in 1750, “[...] the concentration of 
atmospheric CO2 fluctuated roughly between 180 ppm and 290 ppm for at least 2.1 Myr.” (AR5, 
2013, p. 486), but has increased by 40 per cent and was roughly 390 ppm in 2011 (AR5, 2013, p. 
491), and judging by the estimates made from ice cores, this is substantially higher than the last 
800,000 years.  
   
Dr. Mann reiterates the scientific consensus as to why CO2 must affect the global climate: 
 
“Earth is warmed by the incoming radiation from the sun, and its temperature can 
stabilize only by producing its own invisible outgoing (infrared) radiation. The 
greenhouse effect involves the absorption of some of that outgoing radiation by 
                                     
2 Petagram of Carbons. 1 PgC equals 1015 grams of Carbon, or 1 billion metric tonnes. 
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greenhouse gases in our atmosphere. The greenhouse effect warms the surface by 
sending some of this radiation back toward Earth rather than allowing it to escape to 
space.”  
(Mann, 2012, p. 14) 
 
There are two other points worth repeating from subchapter 3.5.. Firstly, apart from the 
greenhouse effect, CO2 emissions also cause oceanic acidification. Secondly, the critics do not 
seem to take into account the other greenhouse gases emitted by human activity, such as methane 
(CH4) and nitrous oxide (N20), whose greenhouse effects are estimated to be 25 times and 298 
times stronger than CO2, respectively (Climate Change Connection, n.d.). 
5.5. Instrumental measurements 
Measuring and recording weather relies on an interaction between technology and human effort, 
both of which can be a cause of error. On the one hand, malfunction in technology can occur, and 
on the other, human error in recording data is a possibility. However, there are other factors that 
are important when measuring weather and dealing with instrumental data. Specifically, Dr. van 
Kooten (2013) argues that the aggregation of weather data poses large uncertainties (Van 
Kooten, 2013, pp. 15-17). The issue of aggregation of data can be illustrated using the issue of 
the urban heat island (UHI) effect. If a weather station is located near entities that absorb or emits 
heat, such as large buildings, the data from the weather station will in turn result in higher 
temperatures (Van Kooten, 2013, p. 18). Increasing global population and the inevitable 
progression of urbanisation exacerbates this problem. Instrumental data is supposed to stand as 
objective and unbiased measurements, unaffected by outside sources in order to gain the weather 
data as clean as possible. However, meteorologist Anthony Watts, who was tasked with studying 
the reliability of all weather stations in the United States, “[...] found that 89% of weather 
stations violated the National Weather Service’s own standards for locating monitoring stations 
[...]” (Van Kooten, 2013, p. 23). 
  Another issue is that of lost or incomplete data. The Climate Research Unit (CRU) at the 
University of East Anglia in the United Kingdom allegedly destroyed some of their raw weather 
data in the 1980s. They made a reconstruction of the data, and it is therefore possible "[...] that 
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more modern constructs of gridded temperature data would differ from those of the past." (Van 
Kooten, 2013, p. 24). 
  Many factors are important in the aggregation of weather data, and it can be near 
impossible to remove outside forces capable of affecting the resulting temperature data. As Dr. 
van Kooten (2013) relayed, "[a]ll that might be required is the construction of a cell phone tower 
within a few meters of the monitoring station, with heat from the cooling mechanism affecting 
temperature data." (Van Kooten, 2013, p. 44). Thus, a sort of bias correction of the raw weather 
data is required in order to remove socio-economic and human influences, which poses another 
uncertainty: how do you best remove contamination from raw data in order to make it as 
representative of the climate system as possible? In turn, bias removal is another human 
influence on the weather data, and again, may encompass error.  
5.6. Data handling 
Now that the debate of the data used as input in the PCA has been described, the next point of 
criticism given by McIntyre and Dr. McKitrick is of the handling of data, including the 
algorithms used by Mann et al. (1998) in the PCA. In this subchapter, two alleged errors will be 
described. The first is regarding whether the algorithm used in the PCA emphasises a hockey 
stick shape no matter the data input, and the second is regarding the “missing” Medieval Warm 
Period and Little Ice Age. The cause for these two climate anomalies will not be discussed, but 
rather the significance and utilisation of them in the context of the Hockey Stick curve. 
  According to McIntyre and Dr. McKitrick (2005a), the method used in Mann et al. 
(1998) incorporated a standardisation step to normalise the data for comparison, which has a 
significant effect on the resulting principal components, so “[...]  that a hockey-stick shaped PC1 
is nearly always generated from (trendless) red noise with the persistence properties of the North 
American tree ring network.” (McIntyre & McKitrick, 2005a, p. 4). “Red noise” is a kind of 
randomised noise that is considered applicable to describe natural climate variability (Mann, 
2012, p. 262). As such, McIntyre and Dr. McKitrick disputed Mann et al.’s (1998) method of 
reallocation of variance, and found that the algorithm emphasises hockey stick shaped proxies, so 
that a proxy variable with hockey stick shaped tendency might influence an entire set of proxies 
showing no such tendency. This tendency is even argued to be found with only red noise 
(McIntyre & McKitrick, 2005b, p. 72). 
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  However, Dr. Mann (2012) argued that McIntyre and Dr. McKitrick used “[...] an 
inappropriate statistical model for random noise. That made it deceptively easy for them to 
generate long-term trends (including hockey stick-like structures) from what they claimed was 
standard “red noise”[...]” (Mann, 2012, p. 139). This is endorsed by the findings of Drs. Wahl 
and Ammann (2007), who found that “[...] it is the information content of the proxies themselves 
that drives the shape of the MBH reconstruction, not methodological issues concerning PC 
summarization of the proxy series [...]” (Wahl & Ammann, 2007, p. 54). Thus, Drs. Wahl and 
Ammann (2007) argued that the primary claim of McIntyre and Dr. McKitrick (2005a) cannot be 
upheld (Wahl & Ammann, 2007, p. 53). 
 
The Medieval Warm Period (sometimes referred to as the Medieval Climatic Anomaly) and 
Little Ice Age are terms derived from the so-called “Lamb curve” by Hubert Lamb (1913-1997). 
The Lamb curve appears to illustrate  
 
“[...] a notably warm climate in many parts of the world, that lasted a few centuries 
around A.D. 1000-1200, and was followed by a decline of temperature levels till 
between 1500 and 1700 the coldest phase since the last ice age occurred.”  
(Lamb, 1965, p. 13).  
 
Figure 3: The Medieval Warm Period. 
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Figure 4: Illustration of the Medieval Warm Period, as it appears in the First Assessment Report from the IPCC. 
 
In the First Assessment Report (FAR) of the IPCC, the Medieval Warm Period (MWP) was 
included to represent global temperature variation (IPCC FAR, 1990, p. 202). Looking back at 
the Hockey Stick curve, seen in subchapter 3.4., there is no apparent warming or cooling to be 
found. This was identified by both McIntyre and Dr. McKitrick (2003, 2005a), and the Wegman 
Report (2006).  
  The authors of the Wegman Report (2006) seemed puzzled that an otherwise recognised 
climatic anomaly had disappeared from the analysis behind the Hockey Stick curves of 1998 and 
1999. They claimed that excluding this anomaly was necessary in order to make the Hockey 
Stick look the way it did (Wegman Report, 2006, p. 49). Additionally, the 1990 IPCC figure was 
“digitised” and reused in the Wegman Report, which stated that “[it] is clear that at least in 
1990, the Medieval Warm Period was thought to have temperatures considerably warmer than 
the present era.” (Wegman Report, 2006, p. 34). However, as argued by both Jay Gulledge of the 
Pew Center on Global Climate Change at the aforementioned hearing and by Dr. Mann (2012), 
the Lamb curve is not representative for the global temperature average of the time, but rather 
gives a regional perspective (HCEC Hearings, 2006 and Mann, 2012, p. 35). As stated by 
Gulledge:  
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“I have confirmed this with a number of individuals who were involved with the 1990 
IPCC report or with versions of the schematic that pre-dated the 1990 IPCC report. The 
schematic is not a plot of data and is inappropriate as a comparison to MBH.”  
(HCEC Hearings, 2006)  
 
Similarly, the IPCC stated that “[...] it is still not clear whether all the fluctuations indicated 
were truly global” (IPCC FAR, 1990, p. 202). 
  To summarise, the arguments of McIntyre and Dr. McKitrick were that the temperatures 
in the 15th century exceed those of the 20th. Allegedly the 15th century reconstructions made by 
Mann et al. (1998) lack statistical significance (McIntyre & McKitrick, 2005a, p. 4), and their 
findings were that the temperature of the Northern Hemisphere in the 20th century were “[...] 
unexceptional compared to the preceding centuries” (McIntyre & McKitrick, 2003, p. 766). 
Therefore they rejected the claim of Mann et al. (1998, 1999) that the 20th century was the 
warmest in a millennia (McIntyre & McKitrick, 2003, p. 751) 
  However, Drs. Wahl and Ammann have found no other climate reconstructions of the last 
one or two millennia showing temperatures similar to those of the McIntyre and Dr. McKitrick’s 
15th century values. In fact, as Drs. Wahl and Ammann stated, “[...] MBH tends to be among the 
warmest of these reconstructions in the early 15th century period [...] although still much lower 
than MM” (Wahl & Ammann, 2007, p. 36). Additionally, Drs. Wahl and Ammann found that the 
reconstructions of the 15th century made by McIntyre and Dr. McKitrick failed tests of validation 
and “[...] does not have climatological meaning” (Wahl & Ammann, 2007, p. 48). 
5.7. Water vapour 
Water vapour is considered a greenhouse gas, and and is responsible for approximately 66 to 85 
per cent of the total contribution to the Earth’s natural greenhouse effect (van Kooten, 2013, p. 
64). Additionally, it has been shown that it is part of a positive atmospheric feedback loop 
(Dessler et al., 2013; IPCC AR5, 2013a, p. 11). The loop works in the following way: When 
water vapour condenses, the latent vapour heat is released into the atmosphere. The more water 
vapour there is, the more heat is released. As the temperature rises, more water will evaporate. 
The warming caused by other greenhouse gases also causes more water to evaporate, so the 
warming caused by emission of fossil fuels is amplified the warming effect of increased water 
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vapour (IPCC AR5, 2013b, p. 82). Since the strength of this synergetic interaction partially 
depends on the altitude of the water vapour, there is no consensus as to how important water 
vapour is for overall global warming (IPCC AR5, 2013b, p. 573). 
  The IPCC does not place much emphasis water vapour’s role in climate change. IPCC's 
argument for this is that they have not found anthropogenic emissions of water vapour significant 
relative to the overall amount of atmospheric water vapour (IPCCb, n.d.). Water vapour is not 
directly accounted for in the Hockey Stick curve, but since it is acknowledged that water vapour 
amplifies the warming of other greenhouse gases and constitutes a positive feedback loop, it 
deserved mention. 
5.8. Conclusion of Analysis 1 
The purpose of this chapter was to understand why the Hockey Stick became the subject of 
controversy. As demonstrated, there are many factors in play; some of them concerning the type 
of data utilised, others concerning the acquisition and handling of data. There are claims of large 
uncertainties related to the types of proxy data used, their precision, the way the data have been 
handled, and how strongly human activities affect the environment. Similarly, there are 
uncertainties with regards to the scientists’ and authors’ objectivity and neutrality, their academic 
merit in studying climate and geography, and what they stand to gain from supporting or 
opposing the claim that anthropogenic climate change is real. These topics are in themselves 
complex, and all the combined debates concerning them are what gives rise to and constitutes the 
Hockey Stick controversy.  
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6. Analysis 2 
In this chapter the latter part of our problem formulation will be answered: Can it be argued that 
there is a paradigm shift in climate change science to which the Hockey Stick controversy has 
contributed? Firstly, Dr. Mann’s view on why there is a controversy in the first place is 
presented. Secondly, the development of the knowledge on plate tectonics will be used as an 
introductory example to support of the subsequent analysis, where Kuhn’s theory of the structure 
of scientific revolutions is applied to determine whether there is a paradigm shift in climate 
science. Thirdly, an example of denialism is offered in another context: the tobacco industry. 
This will support the analysis of the theory of denialism, which is applied to the Hockey Stick 
controversy. Following this, criticism of peer review in academia is discussed. Lastly, a partial 
conclusion is presented. 
6.1. The cause of controversy according to Dr. Michael Mann 
In this subchapter, it is described why the controversy regarding the Hockey Stick arose 
according to its main author, Dr. Michael Mann. 
 
In his 2012 book “The Hockey Stick and the Climate Wars”, Dr. Mann mentions several factors 
that contribute to the reluctance towards accepting anthropogenic climate change as a reality. 
According to Dr. Mann, the main reason for this reluctance is that fossil fuel industry groups, 
who secretly acknowledge anthropogenic climate change as a reality, actively seek to undermine 
scientific proof of anthropogenic climate warming because their economic profit would be in 
jeopardy were the general public to learn the facts. Since a consensus on humans’ detrimental 
impact on the climate would pose a serious threat to their business, they intentionally sow doubt 
about the issue. Hence they resist the shift by attempting to slur the evidence, by making minor 
inconsistencies and uncertainties in scientific reports appear more significant and equivocal than 
they ought to be, and even by causing damage to the scientists’ reputation (Mann, 2012, pp. 59-
61) - much like the strategy of denialists, as described in chapter 4. 
  Take for instance the Global Climate Coalition (GCC), formed in 1989 and disbanded in 
2001. Dr. Mann describes GCC as “a consortium of more than fifty companies and trade 
associations representing chemical, mining, automotive, transportation, fossil fuel, shipping, 
farming, power, defense, pharmaceutical, and manufacturing industries with the purpose of 
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funding and organizing opposition to emerging policy efforts aimed at greenhouse gas emission 
reductions” (Mann, 2012, p. 63). The GCC sought to cause controversy and discredit the science 
behind such policies. They did so by using “[...] think tanks, journals, news sites, and even a 
cadre of supposed experts […] to promote industry-favorable views in the framing of policy-
relevant matters of science, to manufacture doubt about mainstream scientific findings 
disadvantageous to their client, and to generate pseudoscientific sound bites that could be 
presented to the public under the auspices of neutral-sounding groups” (Mann, 2012, p. 60). 
This is problematic for many reasons. As the first part of our analysis has shown, it is difficult 
and therefore often time consuming to discern critical claims, as seen with McIntyre and Dr. 
McKitrick. This lead to a congressional investigation, which resulted in two separate scientific 
reports that ended up disagreed with each other. 
   According to Dr. Mann, the GCC and similar groups are also largely to blame for the 
political controversy regarding global warming. Whenever scientific findings emerge that are 
potentially detrimental to the interests of the fossil fuel industry, they claim that the findings are 
flawed, and that whoever had sponsored, authored and published said findings are either corrupt 
or incompetent (Mann, 2012, p. 61). This was backed by Sherwood Boehlert, former chairman of 
the United States House of Representatives Committee on Science, in the aforementioned letter 
to representative Joe Barton: “Are scientists now supposed to look over their shoulders to 
determine if their conclusions might prompt a Congressional inquiry no matter how legitimate 
their work? [...] Your inquiry seeks to erase that line between science and politics.” (Boehlert, 
2005). 
  According to Dr. Mann (2012), the GCC and similar groups try to convince journalists, 
politicians and the public that the science behind global warming is very uncertain. In addition, 
powerful companies hire agents to mask as grassroots entities, ostensibly consisting of concerned 
citizens, worried that greenhouse gas reduction policies could hurt the economy:  
 
“These groups employ ideologically aligned media outlets and a network of lawyers, 
lobbyists, and politicians to advance their message. Their efforts are aided by honest 
citizens, and sometimes even by mainstream media outlets, who are taken in and 
exploited, often unwittingly, to create an echo chamber of mass disinformation that 
permeates our airwaves and television screens and the Internet.”  
(Mann, 2012, p. 61-63). 
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It is worth noting that substantial amounts of money have been spent in pursuit of scientific 
understanding and mitigation. The U.S. spent 22 billion U.S. dollars on “Federal Climate Change 
Expenditures” throughout all government agencies in 2013, which is less than 1 per cent of the 
total U.S. budget of approximately 3.9 trillion dollars (FCCE, 2013, p. 45). We have not 
investigated how these funds were divided, nor the potential of bias within the recipients of these 
funds. In comparison, the IPCC had a 2014 budget of merely 10.5 million U.S. dollars (IPCC, 
2014, p. 11). 
6.2. An analysis: The structure of scientific revolution 
This subchapter contains a discussion of the theory of plate tectonics, which will serve as an 
example of a paradigm shift that has occurred. It will put the subsequent analysis into 
perspective. Here, Kuhn’s theory of the structure of scientific revolutions is applied to the 
Hockey Stick controversy in order to determine whether or not a paradigm shift is occurring, and 
if so, how the Hockey Stick has contributed to this development.  
6.2.1 The theory of plate tectonic: An example of a paradigm shift 
The following is an example of a scientific paradigm shift, illustrating the potential durance and 
importance of such shifts. The theory of plate tectonics has very literally changed the way the 
world is viewed, but it was not a simple process, as is explained in this subchapter. 
 
“It is no exaggeration to say that with the development of plate tectonics, the subject of 
geology was revolutionized.”  
(Holden, 2012, p. 29). 
The theory of plate tectonics describes how the upper crust of the Earth’s core, the lithosphere, is 
divided into several solid plates which, when the plates drift apart or into each other, are outlined 
by earthquake “belts” around the globe (Holden, 2012, p. 37). Plate tectonics explains the 
occurrence of a large amount of natural hazards, such as earthquakes and volcanic eruptions, 
which “[…] are confined to particular areas [...]” (Holden, 2012, p. 28). As such, plate tectonics 
[…] explain the spatial distribution of mountain belts and flat plains.” (Holden, 2012, p. 28). 
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  Although plate tectonics might seem like common knowledge today, it was not always 
so. It was not until the 1960s that plate tectonics became scientifically accepted and added to 
textbooks, such as the one used as the primary reference in this subchapter, Holden (2012). The 
timeline of the theory of plate tectonics can roughly be presented as follows: 
  1620: In the work “Novum Organum”, Francis Bacon (1561-1626) mentioned the 
similarities between the shape of the west coasts of Africa and South America. 
  1801: German explorer Alexander von Humboldt (1769-1859) “[…] noted that the bulge 
of South America seemed to fit into the bight of Africa [...]” (Holden, 2012, p. 33). 
  1858: For the first time, Antonio Snider-Pelligrini (1802–1885) created a map that shows 
the positions of the American and European-African continents before they drifted apart. 
  1915: Alfred Wegener (1880-1930) published “The Origin of Continents and Oceans” 
where he presented his observations indicating the existence of continental drift. Similar work 
was done by Frank Taylor (1860-1938), who also concluded that this “fit” of continents was not 
a coincidence, but in fact proof of a slow continental drift (Holden, 2012, p. 33). 
 
The idea that continents could move through the rigid crust of the ocean floors proved difficult to 
accept among geologists, especially because the mechanism behind this drift had not yet been 
properly explained (Holden, 2012, p. 34). This changed when four pieces of evidence were 
discovered. The first piece of evidence was discovered in the aftermath of the Second World War 
when, in order to create safe pathways for the submarines of the Allied forces, new sophisticated 
methods of mapping and understanding the bathymetry of the deep oceans were developed. 
Bathymetry is the underwater equivalent of topography, that is, the study of the ocean floor. With 
this new extensive mapping of the ocean crust, it “[…] was found that there was a large and 
continuous mountain range running through the centre of many of the world’s oceans.” (Holden, 
2012, p. 34). In the middle of these mountain ranges in the centre of the oceans, the same shapes 
as valleys caused by rifting on land were discovered. It was interpreted as evidence in support of 
continental drift, where ocean basins are pulled apart at their centres (Holden, 2012, p. 34). 
  The second piece of evidence came from the study of palaeomagnetism, that is, the study 
of the Earth’s magnetic field found in rocks, sediments, etc. It had been discovered that the 
magnetic field of the Earth reverses itself periodically (on average approximately every 450,000 
years) (Holden, 2012, p. 36). Records of the Earth’s magnetic field is stored in cooled lava from 
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volcanic eruptions. Thereby the direction and intensity of the magnetic field can be tracked and 
recorded. In such records it was often found that the direction of the North Pole changed, which 
led geologists to the conclusion that the pole must have moved. However, as more measurements 
were made globally, it appeared as if the pole would have had to be in several places at once. In 
1956, Keith Runcorn (1922-1995) and Edward A. Irving (1927-2014) first constructed the so-
called “apparent polar wander paths” for the European and North American continents, which 
would only be resolved with the assumption that the two continents had been in contact 200 
million years ago. With these findings, and those of Frederick Vine (1939-) and Drummond 
Matthews (1931-1997), who proposed that certain marine magnetic anomalies where in fact 
recordings of polar magnetic reversals, the evidence of ocean floor spreading had emerged 
(Holden, 2012, p. 37). 
  The third piece of evidence was found in the study of earthquakes. In order to monitor 
underground nuclear testing, a global network of seismic monitors were installed. With them it 
was possible to map the global distribution of earthquakes, which showed narrow bands where 
earthquakes were more frequent and severe, while other large areas of the lithosphere had fewer. 
It appeared “[…] that there were a series of relatively rigid plates which were moving about on 
the Earth’s surface colliding with one another.” (Holden, 2012, p. 37), of which the continents 
were but cargo being moved around on larger moving plates. In 1967, Dan McKenzie (1942-) 
and Robert L. Parker (1942-) assembled the new data and produced a general theory of plate 
tectonics, which suggests that “[…] at least the younger tectonic events in the Earth’s history to 
be understood in terms of sea floor spreading.” (McKenzie & Parker, 1967, p. 64). 
  The fourth and final piece of evidence in favour of the theory of plate tectonics came 
from the international ocean drilling programme (ODP) initiated in 1985. One of the results from 
the ODP was that the sediment thickness increased from the mid-ocean ridges to the edge of the 
basin. Additionally, it was discovered that the ocean floor is younger compared to the continents, 
which were more than 200 million years old (Holden, 2012, p. 37). 
  The theory of plate tectonics is an interesting example of a scientific paradigm shift, 
changing from being a simple observation in the 17th century, an actual theory in 1915, to 
common knowledge or normal science in the present, where the theory of plate tectonics is taught 
from elementary to university level. This illustrates how paradigm shifts do not occur rapidly, but 
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slowly over time as a result of sporadic discoveries. This will have to be borne in mind for the 
following. 
6.2.2. Kuhn’s theory and the Hockey Stick controversy 
The controversy surrounding the Hockey Stick can be simplified as a debate between two major 
sides: Those who mainly ascribe climate change to human activity, which includes Dr. Mann, the 
IPCC, and many others; and those who doubt or reject this idea, such as Dr. Soon, Dr. Baliunas, 
McIntyre, Dr. McKitrick, Dr. van Kooten, and Dr. Wegman. The former group label the latter as 
“denialists” due to their skepticism. Over the years anthropogenic climate change has become an 
increasingly common topic of discussion concurrently with the increasing amount of scientific 
research pertaining to it. The Hockey Stick contributed to climate science and drew attention to 
its significance, and while many have adopted the idea of anthropogenic climate change as true, 
there are still many who, for different reasons, question the scientific foundations of this theory. 
  As accounted for in chapter 4, and illustrated in the aforementioned example of plate 
tectonics, determining a paradigm shift is difficult. A shift in a scientific paradigm does not occur 
rapidly and instantaneously, nor is it a linear accumulation of knowledge. A paradigm shift 
comes about over time, revealing itself only in indirect ways. It would be premature to assess the 
full extent of the Hockey Stick’s impact on the climate debate, but it is safe to say the Hockey 
Stick provides empowerment if a paradigm shift is underway. As panelist Jay Gulledge said: 
“The MBH99 reconstruction represented an evolutionary step - not a revolutionary change - in 
this established trajectory.” (HCEC Hearings, 2006).  
  If indeed the scientific field of climate change is in the midsts of an on-going paradigm 
shift, there is bound to be friction between those who support and oppose it. Depending on where 
you stand in the conflict, the term denialist can signify two things: Either that those who oppose 
the new consensus (i.e. anthropogenic climate change) are bigots, who will not listen to reason, 
or that the consensus has become restrictive, leaving no room for alternative scientific arguments 
(old or new). 
6.3. An analysis: Denialism 
This subchapter firstly contains an example of denialism, where the case of the tobacco industry 
is used to shed light on a recent conflict between interest groups and a scientific consensus. This 
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will lead to the main focus of this subchapter: the theory of denialism in relation to the Hockey 
Stick controversy.  
6.3.1. The tobacco industry’s defence of second-hand smoking: An example of Denialism 
The following example shows the application of denialist tactics. In 1981, the first 
epidemiological study on second-hand tobacco smoke was published, which showed an increased 
rate of lung cancer in non-smoking women married to smokers, compared to non-smoking 
women married to non-smokers (Michaels, 2015, p. 80). People started to believe smoking was 
harmful to the health, resulting in declining social acceptability of smoking, and decreased the 
credibility of companies in the tobacco industry (Michaels, 2008, p. 79). 
  Consequently, the tobacco industry decided to change their strategy from “[…] less of 
‘But that study is wrong’ to more of ‘Look what this study shows’” (Michaels, 2008, p. 79). 
Where the industry had previously questioned the methodology of the science utilised in the 
studies, which established cause-effect pathways between tobacco smoke and cancer, it now 
decided to create its own, “better” science. The tobacco industry initiated the so-called 
“Whitecoat Project” and hired scientists, who worked out of a laboratory in Germany, as well as 
several scientists in the U.S. (Michaels, 2008, pp. 79-81). However, creating their own new and 
better science would prove impossible “[...] because the consensus science was correct.” 
(Michaels, 2008, p. 80). When it came time to publish the studies, they were banned from 
frontline journals, and the tobacco industry subsequently argued that the studies were subject to 
“publication bias” due to anti-smoking stands. This accusation was never proven (Michaels, 
2008, p. 81). 
  The manner in which the tobacco industry tried to make people doubt the consensus 
science corresponds to several of the five characteristics of denialism, mentioned in subchapter 
4.2., such as 2. The use of “experts” and 5. Misrepresentation and logical fallacies, when they 
made their own science in order to discredit the science they were trying to deny. With this 
example of denialism in mind, the similarity to denialism in the Hockey Stick controversy should 
be apparent. 
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6.3.2. Denialism and the Hockey Stick controversy 
In subchapter 4.2. the five characteristics of denialism as presented by Diethelm and McKee 
(2009) were listed. In this subchapter, parallels are drawn between the five characteristics of 
denialism and the debate concerning the Hockey Stick. 
 
1. The identification of conspiracies: 
In the Wegman Report (2006) it was implied that several authors in the field of 
palaeoclimatology, including Dr. Mann, had formed what appeared to be a conspiracy:  
 
“[...] we found that at least 43 authors have direct ties to Dr. Mann by virtue of 
coauthored papers with him. Our findings from this analysis suggest that authors in 
the area of paleoclimate studies are closely connected and thus ‘independent studies’ 
may not be as independent as they might appear on the surface.”  
(Wegman Report, 2006, p. 4).  
 
Therefore, the Wegman report found that the scientific consensus in the field of 
palaeoclimatology was too affiliated with itself, and questioned the reliability of the findings and 
the following review.  
 
2. The use of “experts”: 
Dr. Wei-Hock “Willie” Soon is a critic of Dr. Mann’s work on climate change. Although he is an 
astrophysicist and part-time employee at the Solar, Stellar and Planetary Sciences Division under 
the Harvard-Smithsonian Center for Astrophysics, as mentioned in subchapter 5.2., and thus not 
an expert on palaeoclimatology, Dr. Soon has written several reports which appear legitimate, 
despite being neither peer-reviewed nor published by a scientific paper. Only one report about 
climate change by Dr. Soon and Dr. Baliunas has been peer-reviewed and published. However, 
this caused a large controversy. The report claimed that “[across] the world, many records reveal 
that the 20th century is probably not the warmest nor a uniquely extreme climatic period of the 
last millennium.” (Soon & Baliunas, 2003a, p. 89); a claim which could not be concluded from 
the evidence provided in the Soon-Baliunas paper (Kinne, 2003, p. 198). The publication of this 
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paper resulted in the resignation of three Climate Research Editors, as a response to the flawed 
peer-review. 
 
3. Selectivity: 
When the Hockey Stick was published it was merely another study on climate change in a long 
line of studies on the subject, but it received an extraordinary amount of attention compared to 
other research. Several subsequent reports targeted or debated the Hockey Stick specifically. The 
report by Drs. Soon and Baliunas, called “Lessons & Limits of climate History: Was the 20th 
Century Climate Unusual?”, primarily focused on the proxies used by Dr. Mann and the same 
timespan that the Hockey Stick covered. The uncertainties and limitations of each proxy was 
examined and used to conclude that proxies could not be used to generalise about such vast areas 
as a hemisphere, which is what Dr. Mann and his colleagues did. Furthermore, statisticians 
McIntyre and Dr. McKitrick focused solely on the handling of data and the algorithm used by 
Mann et al. (1998, 1999). In their three aforementioned reports from 2003 and 2005, McIntyre 
and Dr. McKitrick suggested that the algorithm of the PCA used in the making of the Hockey 
Stick had several errors, as mentioned in subchapter 5.6.. 
 
4. The creation of impossible expectations of what research can deliver: 
Dr. Mann argues that those who oppose his and his colleagues’ claims attempt to sow doubt and 
draw disproportionate attention to the uncertainties associated with climate science. Science has 
the aim of reducing error or bias as much as possible, but removing uncertainties entirely is 
impossible, which is why the IPCC can only assume that something is “very likely” with 90-99 
per cent certainty. While logical deduction is possible in some instances, uncertainties will 
always exist in different forms. An excellent example of how well certain groups are aware of 
this scientific procedure of handling uncertainty can be found in the “Global Climate Science 
Communications Action Plan”, made by the American Petroleum Institute in 1998, which was 
leaked by Greenpeace. In it, the following phrase can be found: “Victory Will Be Achieved When 
[...] average citizens “understand” (recognize) uncertainties in climate science; recognition of 
uncertainties becomes part of the “conventional wisdom”.” (API, 1998, p. 5). The Action Plan 
outlined a strategy where emphasising the scientific uncertainties of anthropogenic climate 
change were central components. The media was seen as a vital instrument for disseminating the 
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allegated uncertainty in climate science, and the National Science Teachers Association of 
America were targeted as an important gateway for spreading a so-called “[...] balanced picture 
of climate science for use in classrooms nationwide.” (API, 1998, p. 9). 
 
  5. Misrepresentation and logical fallacies: 
As accounted for in the previous chapter, both McIntyre and Dr. McKitrick, and Drs. Soon and 
Baliunas claimed that there are no scientifically sound arguments for stating that the 20th century 
was the warmest in that millennia. Such statements from Drs. Soon and Baliunas turned into a 
controversy of its own as described above, whereas McIntyre and Dr. McKitrick reached the 
same conclusion on the grounds that the 15th century - the Medieval Warm Period - was allegedly 
warmer. This was since disproven by Drs. Wahl and Ammann (2007).  
 
Now that the theory of Denialism has been applied to the Hockey Stick controversy, the 
following subchapter will discuss the criticism of peer review. As previously investigated in this 
project, peer review is used in academia in order to ensure quality and validity in scientific 
publications.  
6.4. Criticism of peer review 
“Non-published/non-peer-reviewed sources are often called grey literature. Although 
highly relevant information can be contained in the grey literature, use of this literature 
brings with it an extra responsibility for the author teams to ensure the quality and 
validity of cited sources and information. Authors need to be clear why a particular 
source is used and in some circumstances may need to explain this in the text.”  
(IPCC, 2010b, p. 2) 
 
As previously accounted for in this project, conducting science using peer reviewed publications 
is considered preferable in order to establish quality and scientific consensus. However, peer 
review has been subject to critique as well. When an academic paper is reviewed by experts 
within the same field, the risk of suppression of dissent is present. Suppression of dissent is when 
a dominant individual or group directly or indirectly attempts to censor, persecute or in other 
ways oppress a different party and its work or view. This is done instead of responding 
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constructively to or engaging in a debate about the arguments presented by the other party. 
Reviewers might become lenient towards conclusions matching their own opinion on a given 
subject matter. As a result, large, well-established publishing firms might end up only publishing 
articles that conform to the scientific consensus instead of dissenting, possibly revolutionary 
articles. This is what the Wegman Report (2006) suggested could have happened with regards to 
the Hockey Stick:   
 
“In this case we judge that there was too much reliance on peer review, which was not 
necessarily independent [...] we found that at least 43 authors have direct ties to Dr. 
Mann by virtue of coauthored papers with him. Our findings from this analysis suggest 
that authors in the area of paleoclimate studies are closely connected and thus 
‘independent studies’ may not be as independent as they might appear on the surface.” 
(Wegman Report, 2006, p. 4)  
6.5. Conclusion of Analysis 2 
The attention surrounding the climate change debate has undeniably intensified over the past two 
decades, and it is very possible that the Hockey Stick controversy has played a central role and 
incentive in this regard. However, whether or not a revolutionary change in the form of a 
paradigm shift is actually occurring or underway - and if it is, whether or not it will continue to 
develop further - is a question that can only be answered in time.  
  What is apparent now, though, are the various measures the climate change denialists use 
in order to create debate. Through analysis of the five characteristics of denialism, it seems 
apparent that several actors have produced various publications specifically aimed at sowing 
doubt about the data and methods used in the Hockey Stick. 
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7. Conclusion 
To answer the problem formulation: How come the so-called Hockey Stick became the subject of 
controversy, and can it be argued that there is a paradigm shift in climate change science to 
which this controversy has contributed? The following conclusion has been drawn. 
 
Because of its potential political consequences, the Hockey Stick attracted attention from many 
sides with conflicting interests. It sparked much debate, some of which pertained to its science: 
proxy data and data handling, algorithms, potential biases and uncertainties. Other aspects of the 
debate pertained to the agenda behind and possible ulterior motives for climate science research, 
accusations of conspiracies, corruption, lack of objectivity and of academic merit. Since these 
topics in themselves are all rather complex, their combined effect following the publication of the 
Hockey Stick gave rise to the controversy. 
  Theoretically speaking, assessing whether a paradigm shift is underway, or confirming 
that it has occurred, is problematic. Kuhn demonstrated that a shift in a scientific paradigm 
occurs neither rapidly nor with a tangible moment of transition from the old theory to the new. 
Rather, it is an aggregation of anomalies, dissenting scientists, and the new theories they develop 
that together slowly push for a scientific revolution. Hence, a scientific revolution is not directly 
observable; there are no absolute terms by which a paradigm shift can be measured. The only 
possible ‘evidence’ for a paradigm shift would be found in altered behaviour amongst scientists 
and language in mainstream scientific literature. This type of evidence can typically only be 
regarded with certainty after it has appeared consistently for a longer period of time. Due to these 
premises it is not yet possible to determine whether a paradigm shift is underway or guaranteed 
to occur. 
          Nevertheless, one can still make a reasonable attempt to assess what type of contribution 
the Hockey Stick, and the controversy surrounding, would make to that shift. While climate 
science and the climate change debate both precede Dr. Mann et al.’s 1998 and 1999 
publications, the Hockey Stick did contribute to climate science. It led to theoretical progress, 
and it managed to draw more scientific and political attention to the field. Today anthropogenic 
climate change is recognised as a scientific fact in most countries, and is represented in school 
literature at all levels, similar to the case of plate tectonics. 
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          Dr. Mann, the IPCC and many, many others ascribe the major drivers of climate change 
to the greenhouse gases emitted from anthropogenic activity. Other factions, scientists, and 
groups oppose this view, arguing that anthropogenic impact on the climate is either insubstantial, 
or that there is not enough evidence to assert that it has any effect at all. We suspect that a 
paradigm shift is underway, but although large amounts of time, money, and research have been 
invested in determining anthropogenic influence on the climate, more time is necessary to say so 
with certainty. Since no view yet confidently dominates the field entirely, and since the 
individuals and groups who dissent from the majority are still influential in the debate, we can 
conclude that a paradigm shift has not yet fully occurred. 
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8. Perspective 
The goal of this chapter is to provide a different perspective on the climate change debate. The 
possibility of reaching a scientific consensus in the future will be discussed, and a former mass 
extinction will be used as a point of departure to discuss the possible consequences of not 
reaching a paradigm shift. 
8.1. Reaching a paradigm shift 
Our analysis concluded that there has not yet been a paradigm shift in regard to anthropogenic 
climate change. As with the theory of plate tectonics, it might take a century before it can truly 
be concluded that a change in paradigm has occurred. What are the potential consequences of 
waiting a century before reaching a complete paradigm shift? In the case of plate tectonics, the 
findings revolutionised the Earth sciences, resulting in a much greater understanding of the 
destructive forces of earthquakes and volcanoes, amongst other things. But a change in paradigm 
regarding climate change seems more urgent because, as the IPCC argues, a lack thereof might 
lead to drastic changes to the planet, since mitigations and adaptation plans against climate 
change are delayed further, as evident from the findings in the latest Assessment Report (AR5).  
8.2. Palaeoclimatology: The Permian-Triassic Extinction Event 
The Permian-Triassic Extinction Event occurred approximately 252.2 million years ago. 96 per 
cent of marine species, 70 per cent of terrestrial vertebrae and 83 per cent of insect genea are 
believed to have gone extinct during this event (Ogden & Sleep, 2011). Most of the marine 
organisms that disappeared had calcium carbonate skeletons and were very reliant on stable CO2-
levels. With regards to terrestrial organisms, the Permian-Triassic Extinction Event is the only 
recorded mass extinction of invertebrates (e.g. insects). Of the terrestrial vertebrates, a 
combination of low tolerance of hypercapnia (increased CO2 levels) and weak respiratory 
systems is believed to have caused the extinction.  
  In general, there is a lack of data from the ocean floor, as the ocean is recycled every 200 
million years due to plate tectonics and seafloor spreading. However, one possible explanation 
for this extinction event is the combination of various volcanic activity in the so-called Siberian 
Traps and the subsequent release of methane, carbon and dust into the atmosphere (Ogden & 
Sleep, 2011 and Retallack & Jahren, 2008, p. 10). Volcanic activity in the formation of the 
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Siberian Traps are believed to have collided with carbonate rocks and sediments in the process of 
forming large coal beds, thus releasing large amounts of CO2. Vast volumes of methane, 
specifically methane clathrates (which are large amounts of methane trapped within crystal 
structures, or cages, of water molecules), were believed to have been released because of lava 
from the Siberian Traps, causing the methane clathrate deposits to dissociate, releasing the 
methane within (Retallack & Jahren, 2008, p. 8).  
  This correlates with the abrupt global decrease in the ratio of the stable isotope 13C 
(currently 1.1 per cent of all carbon) to that of 12C (currently 98.89 per cent of all carbon) in the 
same time period. An isotope is a variant of a particular chemical element (in this case carbon) 
which differs in neutron numbers. Different isotopes have the same number of protons and have 
the same place on the periodic table. Since carbon has 6 protons, the isotopes (amount of 
neutrons) can be 6, 7 or 8. Currently, the only available explanation for the large global 
conversion of 13C to 12C is an enormous releases of methane (CH4), as methane has a 13C/12C 
ratio approximately 6 per cent lower than the global average (Retallack & Jahren, 2008, p. 1). 
  This stands as an example of how many species can become extinct due to terrestrial and 
climatic forces, including changes in concentrations of methane and carbon dioxide. The above 
example did not have anthropogenic drivers to contribute to the greenhouse gas emissions, which 
means that Earth today has an additional and very significant component worth considering: 
humans. Furthermore, it stresses the imperative that we cannot necessarily allow ourselves to 
wait 100 years to await clarification. If we want to be 100 per cent certain that a paradigm shift is 
occurring in order to actively mitigate against climate change, it may simply be too late.  
 
In this project we have discussed the relevance of the chronostratigraphy and the possibility that 
we may be moving into a new epoch, the Anthropocene, marked by anthropogenic drivers. We 
cannot with certainty argue that this is the case, but the possibility itself warrants attention 
because of its significance. Dating the Earth has always given rise to uncertainties. When 
scientists attempt to reach scientific consensus on a new epoch, era or period in the Earth’s 
geological time, something significant has to mark this change. Undoubtedly, this will always 
give rise to discussion and debate. Who decides exactly what marks a change significant enough 
to warrant its own epoch and an entirely new paradigm and what could be the consequences if we 
fail to recognise the changing climate?  
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